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ABSTRACT 


The retreat of the glacial sheet a number of thousand years ago and the subsequent 
ong-period surface temperature variations must almost certainly have left their impress 
on the geothermal curve. An attempt has been made to find such an effect and to inter- 
pret it in terms of past surface temperatures by subjecting to mathematical analysis a 
series of geothermal measurements recently made in the Calumet and Hecla conglomer- 
ate mine. The results indicate that the glacial epoch ended for this region 20,000-30,000 
years ago, and that it was followed by a period with ground temperatures distinctly 
warmer than the present, succeeded in turn by one cooler, and lasting until comparative 
ly recent times. 


During the past three years a series of carefully made tempera- 
ture measurements has been under way in the conglomerate mine of 
the Calumet and Hecla Company at Calumet, Michigan. These 
measurements have all been planned with careful attention to the 
laws of heat conduction, to the end that they may give, as accurately 
as possible, virgin rock temperatures unaffected by mining opera- 
tions. Though there were more compelling reasons for initiating this 
study, the phase of the matter to be discussed here is the possibility 
of making certain geological time calculations from the geothermal, 
or temperature-depth curve, obtained in this investigation. It seems 
hardly necessary to explain that the results are by no means to be 
regarded at this time as either final or conclusive. It is our intention 
merely to show the experimental evidence and explain the method 
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of calculation and the premises on which it is founded, as well as 
where it seems to lead. This is done with the hope that if this new 
method of attack on a certain phase of the problem of geological 
time seems worth while, it will be exploited as further opportunity 
offers until its value is finally either proved or disproved. 

Everyone is familiar with the fact that changes in temperature of 
the surface of the ground make themselves felt, after an interval, at 
various depths. An ordinary cold wave or hot wave is propagated 
into the ground—slowly and with considerable attenuation—and a 
series of temperature measurements made at different depths a few 
feet below the surface, perhaps a week after its onslaught, would 
show clearly the effect on underground temperatures. This same 
thing is also happening on a much larger scale of time and involving 
greater depths. The retreat of the glacial sheet some thousands of 
years ago has resulted in a warming of the surface temperature in the 
regions concerned and a consequent small distortion of the geother- 
mal curve. For the period of time contemplated in this discussion, 
which is of the order of 25,000 years, the major effect of this distor- 
tion will be felt within the first mile below the surface and this 
places the problem within the range of the Lake Superior copper 
mines, as regards possibilities of temperature measurement deep in 
the earth. There are other reasons, however, aside from their great 
depth, why these mines are peculiarly fitted for such study, for the 
region of the Keweenaw peninsula fulfils unusually well the special 
requirements of this problem. These will now be stated specifically. 

REQUIREMENTS OF THE PROBLEM 

1. The region to be studied in this connection must be free from 
heat sources, positive or negative: there must be no exothermic or 
endothermic reactions or processes taking place in the rocks for a 
mile below the surface; geological folding,.radioactivity, and pene- 
tration of surface water should all be at a minimum. 

2. The region should be reasonably flat and have a uniform geo- 
logical structure for a mile or more in depth. Thin mineralized veins 
are of no consequence. 

3. The thermal diffusivity (conductivity divided by specific heat 
and density) must be known for the rock, and the geothermal curve 
must be determined for about a mile in depth. 
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4. It must be assumed that the glacial sheet had overlaid the 
region long enough—s5o,ooo years or more—so that the geothermal 
curve at the end of the Ice Age can be taken as a straight line, starting 
with a surface temperature of o° C. or 32° F. 
The region under discussion fulfils these requirements remarkably 
I]. The rock is a hard, close-grained trap which allows very little 
netration of surface water to disturb the geothermal gradient due 
to heat conduction. The region is one of relative geological stability, 
ith little evidence of exothermic or endothermic processes. Urry' 
is measured the radioactive content of the rocks of this region and 

tne conclusion reached from his results is that the disturbing effect 
the heat generated in this way is negligible. 

[hough the region is by no means flat, the relief is quite negligible 
i comparison with the depths involved, and is readily taken into 
account. The structure of the inclined Keweenawan lava flows is 
iniform—leaving out of consideration the conglomerate lode which 

negligible in this connection—and the region has not undergone 
deformation since the Cambrian period. The possibility of variation 
of the thermal constants of the rock with pressure will be considered 
later, as will also requirements 3 and 4. That the last glacial] sheet 
was present for a period amply long for our purpose will undoubtedly 
be allowed. It is possible, however, that its thickness was sufficient 
to produce a lowering of the melting point of ice under it and the 
effect of this as a possible error must be considered. 

It would seem, then, that if a connection between the geologically 
recent thermal history of a region and deep-rock temperatures is 
to be discovered anywhere, it should be here. Lane’, to whom we 
owe the conception of the problem, initiated this study in several 
papers of some years ago, using in his calculations the rock-temper- 
ature data available at that time. It shall be our purpose to attempt 
to enlarge on these calculations in the light of our recent geothermal 
measurements. 

Two preliminary reports’ on this work already have been published 

Wm. D. Urry, Proc. Amer. Acad. of Arts and Sci., Vol. LX VIII (1933), p. 125. 

2A. C. Lane, Bull Geol. Soc. of Amer., Vol. XXXIV (1923), p. 703. 


L. R. Ingersoll, Physics, Vol. II (1932), p. 154; James Fisher, L. R. Ingersoll, and 
Harry Vivian, Amer. Inst. Min. and Met. Engineers, Tech. Pub. No. 481. 
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and as the methods of temperature measurement have been de- 
scribed in detail it will be necessary only to outline them here. With 
a few exceptions to be mentioned later, all temperature measure- 
ments were made in drill holes from 7 to 14 feet deep run into the 
sides of drifts or other mine workings which were progressing rapidly 
forward, so that the rock in which the hole was drilled had been ex- 
posed for only a few days. Readings in the deeper holes gave tem- 
peratures constant to a few hundredths of a degree for a month or 
two, showing that any transient effect due to drilling, blasting, etc., 
was entirely lacking. Measurements on the foot and hanging sides 
of the lode gave results which difiered by less than the error of meas- 
urement. 

The thermometers were of the mercury type and of special con- 
struction, mounted in 1-inch bakelite tubes (Fig. 1) and with the 
bulb so insulated that 


Bakelite. Vuleanite 
tube Paper Wax Cork there was a delay of about 












i a minute after withdraw- 
— EE ing from a hole before the 
mercury column moved, 


Fic. 1.—Section of mounted thermometer (Over- thus giving plenty of time 
all length, 35 cm). “i 4 























for accurate reading. Cal- 
ibration and occasional zero checks on these thermometers indicated 
that they were accurate over their range of o-40° C. to a few hun- 
dredths of a degree. They were divided to 0.1° C. and all readings 
were expressed to 0.01°. 

The solid line curve of Figure 2 is the result of these determina- 
tions, giving such weight as we think allowable to the old Agassiz 
measurements. There are also three points which have recently 
been added to the curve, marked O, C, and H, made, not in special 
fresh drill holes as described above, but at the dead ends of old work- 
ings abandoned thirty or more years ago and not ventilated since 
that time. While these points are not so satisfactory as many of the 
others, they represent practically the only chance to get results near 
the surface. Gradient determinations along the drift in each case 
indicate that these points can probably be depended on to about half 
a degree. 

The curve is made to cut the surface at 6.83° C. or 44.3° F. This 
is the average Calumet temperature for the last 45 years, assuming 
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22° for the winter months, as would be the case on the ground under 


the snow, and accordingly this is taken as the average ground tem- 
perature. It will be noted that the curve falls slightly below the 
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rve. 
lowest temperature (i.e., highest mine level) point, one recently 
made in an old Osceola first-level drift, and slightly above the point 
taken by Lane as the average surface temperature. These consid- 
erations will be discussed later in connection with other sources of 
error. 

THERMAL HISTORY CALCULATIONS 


The solution of the Fourier heat conduction equation 


00/dt=h?0?0/ dx? 
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subject to the boundary conditions 


6=F(t) when x=o (2) 


6= owhen/t=o (3) 


is‘, as first worked out by Riemann for this case where the surface 





temperature is a given function of the time, 


x 
o= 7 ‘ 6 oF (1-2) ap. (4) 
avi 
For the boundary conditions 
6=F(t) when x=0 (5) 
6=Cx when t=o (6) 


it can be very simply shown that the solution is 


i 2 a Po an . 
this e. F (1 gi) 48 (7) 


a 4h? 


This is the equation we have used. Here x is the depth below the 
average ground level in centimeters and ¢ the time in seconds since 
the end of the ice age. The diffusivity 4? has been determined’ for 
this rock as 0.0075 c.g.s. units. 6 is temperature in degrees C. 
In using this equation it is much simpler if we can put 
F(t A )=6 tant 
, _ =0,, a constant. 
4h? B? 
We can also let it have different values at different times. For ex- 
ample, if we assume that the glacial age ended 24,000 years ago and 
4W. E. Byerly, Fourier’s Series and Spherical Harmonics (Boston: Ginn & Co. 


1893), p. 88. 


5 Ingersoll, op. cit. 
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that the temperature was 8° C. for 18,000 years, followed by 6.83° 
for the remaining 6,000 to the present time, equation 7 would read 


2 2hVy 6000-8 ; | 
PoerT 8 e *'dB+6 .83 e dB} , 


e e 


2hy 24000-8 2hy 6000-8 


where S is the number of seconds in a year. 

This reduces all the calculations to simple and straight-forward 
computation, using a table of probability integrals. The constant C 
or slope of the assumed initial geothermal curve is determined from 
‘quation 7 by substituting the observed value of 6 for the 5,500-foot 
depth, i.e., using x = 167640 cm. (This value is indicated in the curve 
of Figure 2 as @ ,6,) This automatically makes the computed and 
observed values of @ from equation 7 agree for the 5,500-foot point. 
hese values will also evidently agree at the surface point because we 
naturally use 6.83° C., the present observed surface value, in our 
computation. 

The values of @ have been computed from equation 7 in this way 
for each 500 feet in depth for nearly fifty assumed thermal histories. 
Five of these are shown in Figure 3, in which the plotted circles rep- 
resent the differences between the observed and computed values, 
i.e., the deviations of the computed geothermal curve from the actual 
observed one. Of the simpler assumptions, A, B, and C, it is evident 
that C—that the Wisconsin ice sheet melted away from the region 
10,000 years ago and that the present average ground temperature 
of 6.83° C. has existed since that time—is the best of the three. The 
discrepancy between this and the earlier figure® of about 30,000 years 
results from a change in the surface temperature and the surface end 
of our observed curve due to recent measurements. 

Now a little experience with this computation brings out the fact 
that to make a better fit we should assume that immediately following 
the Glacial age the temperature was somewhat higher than the present, 
succeeded in turn by one somewhat lower than today’s average. Assump- 
tion D of 10,000 years at 10° C., followed by 8,000 at 5°, rising 2,000 

years ago to the present value, is about the best of any tried so far. 


6 Tbid., p. 159. 
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Equally good is E, which is of a type suggested to us by Dr. Lane. 
The departures in the last two cases are well within the probable 








(30,000 years ago) Time) 


Fic. 3.—Five assumed “thermal histories” and resultant deviations from observed 


geothermal curve. 


error of our observed curve, so more accurate analysis would be 
meaningless. In any case, it will, of course, be understood that these 
are merely block representations of essentially smooth curves. 


DISCUSSION OF RESULTS. ERRORS 
Undoubtedly the most severe criticism which can be urged against 
these results is the dependence we have to place on the exact form of 
a single geothermal curve. This should really be determined if possi- 
ble for a number of locations in the same general region, but unfor- 
tunately this has not proved feasible as yet. We had hoped to be 
able to use some of Van Orstrand’s valuable drill-hole data, but they 
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do not offer a sufficient depth range at any one spot. Since the exten- 
sion of our measurements to any other mines in the district seems out 
of the question just now, we have to be content accordingly with a 
single curve. It may be said, however, that many of our temperature 
holes are a mile or two apart laterally, so that the curve represents an 
average for a region of at least several square miles in area. 

The next objection to this type of calculation might be based on 
the assumption of a uniform initial temperature gradient, starting 
at o C. at the surface. Now granted a glacier of reasonably long 
duration, say at least 50,000 years, as will probably be generally ad- 
mitted, the only factor which would be likely to disturb the uniform- 
ity of the gradient would be a change in thermal conductivity with 
depth, i.e., pressure. This point has been considered with much care 
and is believed not to enter as a factor. For the pressures involved 
at the depth of a mile the density of the rock is increased only about 
o.1 per cent. The increase in conductivity and consequent change in 
the geothermal gradient therefore would be expected to be of only 
this order of magnitude. If it were even five times as great, the effect 
on the curve would still be less than the probable error of measure- 
ment. 

It is possible to reason that the glacier might be so thick that its 
pressure would cause a lowering of the melting point of ice. This 
would be of the order of 1° C. per mile of thickness of the ice, but 
would require that the water be under this pressure and this might 
not be the case. Assuming it to be so, however, the results would be 
left qualitatively about the same as at present, save that the thicker 
the glacier, the Jess the calculated time since its disappearance. 

We are by no means satisfied with the probable accuracy of the 
points on our curve near the ground level. As no drifts or other cut- 
tings have been run in the upper levels of the mine for some time, it 
has not been possible to determine temperature points with the same 
certainty as in the lower levels. The largest error, however, which we 
would be willing to admit as possible for the surface point would be 
about 1° F., and this would only shift the time scale a few thousand 
years one way or the other. 

Our conclusions on the basis of these results may then be stated 
briefly as follows: The last glacial epoch ended for this region 20,000 
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to 30,000 years ago. This was followed, perhaps after several thou- 
sand years, by a period distinctly warmer than the present, which 
was succeeded in turn by one slightly cooler and lasting until rather 
recent times. Of course this statement applies entirely to average 
ground temperatures and it is obvious that vegetation, snowfall, 
etc., may affect these independently of the average air temperatures. 
It is only right to point out, however, that these conclusions at least 
do not run counter to current geological and climatological opinion.’ 

Note: The authors wish to express thanks to Mr. James McNaughton, President 
of the Calumet and Hecla Company, for placing at the service of this investigation the 
facilities of the mines. They also want to acknowledge special indebtedness to Mr. 
Harry Vivian, Chief Engineer, and to Messrs. H. E. Jefferson, H. S. Donald, and R. F. 
Wilson, members of his staff, for their services in connection with the temperature 
measurements. 

7 Kirk Bryan, Zs. f. Gletscherkunde, Vol. XX (1932), p. 76; C. E. P. Brooks, The 
Evolution of Climate (London: Benn Bros., Ltd., 1925). 




















THE GEOLOGY OF HABANA, CUBA, AND VICINITY 


ROBERT H. PALMER 
Habana, Cuba 


ABSTRACT 


Habana is located on the western end of an anticlinorium that extends from Habana 
) Matanzas, a distance of approximately 100 kilometers. The structure is complicated 
y minor folds and east of Habana Bay by intrusions. 

The column consists of Upper Cretaceous, Eocene, Oligocene with two members, 
ndifferentiated Upper Tertiary, and Pleistocene or Recent. 

The Cretaceous is exposed in a belt 10 kilometers wide along the axis of the anti- 
linorium, and is flanked by the Tertiary on the north, west, and south sides. The 
»w-dipping Tertiary lying unconformably on the steeply dipping Cretaceous evidences 
tensive post-Cretaceous—-pre-Upper Eocene folding and erosion. Since Eocene time 
he principal events have been elevations and submergences with one minor period of 
riding. 

Habana Bay is a drowned valley in the Cretaceous connected with the ocean by a 
hannel through faulted Tertiary limestone. 

The first knowledge of the geology of Habana was recorded by 
Humboldt' who visited Cuba in 1803 and again in 1805. His obser- 

vations are general but valuable. He recognized the continuity of 
an extensive formation in various parts of the island which later 
writers have denominated “‘Cavernous Limestone,’’ “‘Porous Lime- 
stone” and “Yumuri Limestone.” To this widespread series Hum- 


“ 


boldt gave the name “‘Giiines Limestone”’ from its occurrence north 
of Giiines in Habana Province. Arguing solely from lithologic simi- 
larity, Humboldt believed this formation to be Jurassic and not 
lertiary in age as it now has been found to be. He also recorded the 
presence of serpentine at Guanabacoa. 

One of the most illuminating expositions of the geology of Habana 
and environs was written by D. Pedro Salterain.? Salterain correctly 
observed the recently consolidated beach material which he termed 
“arrecifes”’ (reef rocks). He divided this from the underlying beds 
which he considerd post-Pliocene. He recorded the Giiines lime- 

* A. von Humboldt, Ensayo Politico sobre Cuba (Madrid, 1836), p. 52. 


?P. Salterain, Boletin Comision Mapa Geologica de Espana (1880), Vol. VII, pp. 


161-225. 
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stone in Habana and assigned it to the Miocene. He also recognized 
the Upper Eocene in various localities. It is a matter of interest to 
note that Salterain made the mistake that has been duplicated by 
nearly all subsequent workers in correlating the Upper Eocene west 
of the bay of Habana with the Oligocene on the east side. Salterain’s 
most valuable contribution was his very strong belief in the presence 
of the Cretaceous in Habana, though he stated that his belief was 
not based on paleontological data. Abundant evidence substantiat- 
ing this belief is now known. He also made the valuable observa- 
tion that asphalt occurs with the Cretaceous and associated igneous 
rocks. 

Hill’ noted what he termed the “older limestone’”’ in Habana 
which he stated was Eocene, Miocene, or Pliocene in age. He also 
called attention to the anticlinal structure of the Habana area. In 
his explanation of the present topography of Habana, the same 
author described two principal stages of erosion. His theory of the 
origin of the harbors of Cuba will be discussed in connection with the 
geological history. 

Several other writers on the general geology of Cuba have in- 
cidentally mentioned the area under discussion, but have added but 
little to its understanding. DeGolyer described and named two 
horizons in the Cretaceous near Habana.* Vaughan’ described the 
terraces in and around Habana and also explained the formation of 
Habana Harbor. Rutten’s discussion of the formations in and 
around Habana will be considered under the description of the 
stratigraphy.° 

TOPOGRAPHY AND DRAINAGE 

The topography of Habana and vicinity is one of low relief. A 
ridge, with an elevation of some 200 feet, enters the area from the 

3R. T. Hill, “Notes on the Geology of the Island of Cuba,” Bull. Mus. Comp. Zool., 
Harvard, Vol. XVI (1895), pp. 243-88. 

4E. DeGolyer, “Geology of Cuban Petroleum Deposits,” Bull. Amer. Assoc. Petr. 
Geol., Vol. II (1918), pp. 133-71. 

5 C. W. Hayes, T. W. Vaughan, and A. C. Spencer, Informe sobre un reconocimiento 
geologico de Cuba, Secretaria de Agricultura, Comercio y Trabajo, Direccion de Montes y 
Minas, Segunda edicion (Habana, 1925). 


6L. Rutten, “Cuba, the Antilles and the Southern Moluccas,” Proc. Koninklijke 
Akademie van Wetenschappen te Amsterdam, Vol. XXV (1922), Nos. 7 and 8, pp. 263-74. 
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east, parallels the coast, and ends abruptly in a high cliff at Morro 
at the entrance to Habana Harbor. The same structure reappears 
about 4 kilometers west of the harbor in a hill on which the Univer- 
sity of Habana and Castillode Principe are located. At this point 
the structure makes a sharp turn to the south and continues through 
the suburbs of Ceiba and Puentes Grandes in a wide arc to Mari- 


GEOLOGY—TABLE I 


Thick 
Period Epoch Formation ness Remarks 
Feet 
Quater- | Recent or Reef rocks ? Flat lying, large coral heads and coral 
nary débris 
Pleistocene Along beach 
Plio-Mio- ? Leached, coralline limestone 
cene National Hotel 
Mio-Oligo Giiines 200 | Hard, white limestone at surface, weath 
cene ers to red soil 
Vedado 
Upper Cojimar 40 | Soft, white to pale-buff marl. 
Oligocene Cojimar Gorge 
Upper Principe 70 | Soft, white, chalky marl above, brown, 
Eocene muddy shale below 
Castillo de Principe and Tejar Consuelo 
Eocene or ? Brown shales and sandstones. 
Upper Capdevila on Machado Highway 
Cretaceous 
Upper Cre- | Habana 7,000 | Big boulder—Dirty shales 3} kilometer 
taceous south of San Francisco de Paula 


Chalk. Jacomino 
Cone sandstone. Santa Rosa quarry 
Lime gravels. Quinta Canario 


nao, a distance of about 7 kilometers. On the seaward slope of this 
ridge the newer suburbs of Habana (Ceiba and Vedado) and the 
little towns Quemado and Marianao are situated. At Marianao the 
structure turns southwestward and passes out of the area. In the 
area between Morro and the university only a low rise marks the 
location of the structure that to both the east and the west forms a 
comparatively high ridge. It is on this low, interrupted part of the 
ridge, that Habana proper is situated. South of Habana are several 
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low, elongated, east-west hills on which are located several suburbs 
of the capital, the principal ones being Jesus del Monte, Vibora, and 
Cerro. Reference to the accompanying map shows that Habana 
and its suburbs are distributed in the form of a horseshoe with 
Habana at the toe on the north. The intervening area is low and 
swampy in places and is largely open pasture land. 


Several narrow terraces occur in the area under discussion. These 
range from below sea level to an elevation of about 200 feet. 


UPPER CRETACEOUS 
HABANA FORMATION 

The oldest formation exposed in Habana is Upper Cretaceous in 
age. It is a series of shales, marls, chalks, loosely consolidated grav- 
els, conglomerates, and calcareous sandstone. This series was tenta- 
tively though correctly ascribed to the Cretaceous by Salterain.’ 
Rutten*® described the same series and named it the “Older Habana- 
formation” and placed it in the Eocene, Oligocene, and possibly 
“older Miocene,” because of the occurrence of Nummulinae, Ortho- 
phragminae, and Lepidocyclinae. Examination of the area has pro- 
duced abundant evidence favoring the view expressed by Salterain, 
which is also the view held and further discussed by the author. 

DeGolyer? states “at Luyano in the vicinity of Havana... . as 
well as at other places, a series of white marls, shales, limestones and 
grits outcrop’ and he gave them the name ‘‘Luyano Marls.”’ The 
Cretaceous outcrop at Luyano includes three of the four members: 
lime gravels, cone sandstone, and dirty shales. 

This formation is of wide extent and is well developed in all the 
provinces of Cuba. The exposure in Habana is but the western end 
of a long belt 6 to 7 miles in width, that extends with but one inter- 
ruption from Habana to the city of Matanzas. The greatest devel- 
opment of the Upper Cretaceous known in Cuba is from the city of 
Habana southward where it attains a thickness of perhaps 7,000 
feet. It is therefore named the “Habana formation.” 

In the western half of the area under discussion the lower measures 
of the Habana formation are a thick series of light gray and brown, 
limy shales and marls. Wells within this terrane indicate that the 


7 Op. cit., p. 50. 8 Op. cit., p. 267. 9 Op. cit., p. 141. 
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unweathered shales are blue in color and contain much pyrite and 
organic material. Thus far they are known to contain but few 
fossils. These shales lie directly under a thick series of interbedded 
sandstones and shales that in private reports have been termed 
‘El Cano shales” from their occurrence near the town of that name. 
In the E] Cano member thus far few fossils have been found. 

From about the middle of the area and extending eastward to 
Matanzas the lower shales and the overlying hard sandstone change 
lithologically, assuming a more marine aspect, and break up into 
four fairly well recognized members. The lowest of these is a loosely 
consolidated gravel which is followed successively by a calcareous 
sandstone, a chalk, and is capped by a deposit that alternates be- 
tween a limestone and a calcareous shale. In many outcrops the 
four members occur in the order given, although along the strike the 
first three members intergrade in some places, the gravels becoming 
finer grained and passing into a sandstone and locally into marl or 
chalk. These sediments appear to have been deposited along an old 
shoreline where slightly varied sediments were the response to slight- 
ly different conditions of sedimentation, chalk being laid down in 
estuaries and the gravels in more turbulent waters, and the whole 
on either a slowly subsiding sea bottom or in front of a source of 
material whose lowering eventually failed to supply sufficient head 
to the drainage to carry more than fine débris. 

The Cretaceous as a whole is a relatively soft formation that offers 
little resistance to erosion and consequently it forms valleys flanked 
by low cliffs of younger and more resistant rocks. 

LIME GRAVEL MEMBER (LOWEST) 

The pebbles of this member are mostly of limestone though a few 
well-rounded boulders of andesite, rhyolite, and basalt are present. 
For convenience it may be called the “Lime gravels.” It is well 
sorted and fairly clean. Many of the limestone pebbles contain Fora- 
minifera of the miliolid and alveolinellid groups. The latter is of in- 
terest as it indicates the presence of this group (rare in the Creta- 
ceous) in a still older formation. Rudistids of the Radiolitidae are 
common and a few belonging to the Caprinidae have been found. 
One species of echinoderm, Lanieria lanieri, is known to occur. This 
species is perhaps the most widely distributed characteristic Upper 
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Cretaceous fossil in Cuba. It is rare in the Lime gravels, but is 
abundant in the topmost beds of the Cretaceous though it is not 
known to occur in the two intervening members. Omphalocyclus, 
Gallowayina, and other characteristic Upper Cretaceous Foraminif- 
era occur in the Lime gravels. 

CONE SANDSTONE MEMBER 

Above the Lime gravels is a hard member composed of well- 
sorted, well-bedded, calcareous sandstone. It contains numerous 
grayish-green grains, probably of glauconitic origin, that impart a 
grayish color to the mass, but a salt and pepper aspect when exam- 
ined in detail. This sandstone has a tendency to the development 
of cone-shaped concretions which almost without exception have 
the apex pointing downward. These concretions vary in diameter 
from 1 to 3 or 4 inches. Though the tendency toward the formation 
of concretions is not conspicuous in the area under description, it is 
very characteristic elsewhere and has suggested the name ‘Cone 
sandstone”’ member. 

This is a hard, resistant member of the Upper Cretaceous and 
consequently outcrops in hills in contrast to the valleys and low 
terrane of the shale and chalk members. All the quarries within the 
Cretaceous terrane in the vicinity of Habana are located in this 
member as the rock is in demand for road construction. With the 
exception of very occasional Upper Cretaceous Foraminifera, no fos- 
sils are known in the Cone sandstone. 

CHALK MEMBER 

A chalk varying from a few feet to 100 feet or more in thickness 
often lies above the Cone sandstone. This member reaches a con- 
siderable development in Luyano and eastward, on the south side of 
Habana Bay. In places the chalk is hard, porcellaneous, and forms 
hills; in others, it is soft, easily eroded, and its occurrence is marked 
by small valleys. Locally the soft phase carries abundant Foraminif- 
era. Lithologically and faunally this member is indistinguishable 
from the lenses of chalk or marl that often occur interbedded with 
the Cone sandstone. The chalk varies in color from pure white to 
pale gray, the latter color being due to impurities, one of which is 
apparently glauconite. 
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BIG BOULDER BED MEMBER 

Lying above the chalk is a well-recognized horizon of wide ex- 
tent. Along the strike this varies from a brown shale to a series of 
hard limestone beds alternating with shale. The shale phase is soft, 
friable, very earthy, and is composed largely of débris from basic 
igneous rock. In color it is usually some shade of brown. The de- 
‘riptive name “Dirty shales’ has been applied to these shales as a 
1 


onvenient field name. DeGolyer’s “Lucero Beds’”” are a local oc- 


urrence of these shales. 





Fic. 2.—Brown shale beds near Capdevila, south of Habana. Possibly Lower 
Eocene. Compare with low dipping Principe (Fig. 3). ' 


Where the limestone is present, weathering reduces the hard 
ledges to large boulders which are conspicuous features of the cul- 
tivated fields where this member is present. This characteristic sug- 
gested the name “Big boulder bed” as a convenient field term, 
though the big boulder phase does not occur in the area under de- 
scription. In the eastern part of the area, however, the fauna char- 
acteristic of this member is present in the shale phase. Farther to 
the west it appears to grade into the almost unfossiliferous shales 
and sandstone which have been locally termed “E] Cano.” 

The Big boulder bed carries an extensive fauna, with an abun- 
dance of Foraminifera, corals, and echinoderms. The Mollusca in 






Ibid., p. 142. 
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general were not greatly deployed though rudistids are abundant 
and occasional Trigonia, Inoceramus, Pholadomya, and Pecten 
(Vola) occur. European paleontologists have stated that this fauna 
is Maestrichtian in age. The Big boulder bed—Dirty shales is the 
highest definitely known Cretaceous horizon in Cuba. 

South of Habana on the General Machado highway, between 
Capdevila and Vento, there occurs a series of brown shales and 
sandstones that differ from the Dirty shales principally in the higher 
percentage of sandy material (Fig. 2). The presence of ripple marks 
indicates shore conditions during its deposition. This shale carries a 
meager fauna which is considered Lower Eocene by some paleontol- 
ogists. Stratigraphically it appears to be a continuation of the Dirty 
shale deposition and hence Cretaceous in age. It is everywhere con- 
formable with the steeply dipping known Cretaceous and unconform- 
ably subjacent to the low dipping Upper Eocene. Hence its tectonic 
history alines it with the Cretaceous rather than with the Eocene. 


UPPER EOCENE 
PRINCIPE FORMATION 

The Eocene rests unconformably on the Cretaceous in Habana 
as elsewhere in Cuba. The interval occupied by the Danian and the 
Lower and Middle Eocene witnessed extensive folding and erosion 
not only in Habana but also in many other parts of Cuba. The al- 
most flat Eocene (Fig. 3) strongly contrasts with the underlying, 
steeply dipping and often contorted Cretaceous. 

Two phases of the Eocene are present in Habana. The lower is a 
soft, brown, muddy shale which appears in but few localities where 
it has been exposed below the chalk by quarry workings, as for ex- 
ample in Tejar Consuelo. The upper phase is a soft, white shale. 
A fine exposure is afforded by the new cut for the General Machado 
highway in the south end of Avenida de los Presidentes. A few thin 
beds of pale-brownish, cherty material are interbedded with the 
chalk. These appear to be lamellae that have been consolidated by 
siliceous cement derived from radiolarian sources. 

The Principe formation carries a large fauna of characteristic 
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Upper Eocene Foraminifera and occasional echinoderms, corals, 
brachiopods, crinoid stems, and shark teeth. Locally radiolaria oc- 
cur in such abundance that they form the greater part of the fossil 
content. 

Rutten" refers to this formation as the “younger Habanaforma- 
tion” and places it in the “miopliocene” very probably from its 
stratigraphic position. 








Fic. 3.—Low dipping Piincipe Eocene, on Avenida de los Presidentes under 
Castillo Principe. 


In Habana proper the Principe formation is thin, reaching a thick- 
ness of only about 70 feet. It is distributed in a north-south direc- 
tion along the west side of Habana where it forms a low escarpment 
on which are located the University of Habana and Castillo de 
Principe, and at Puentes Grandes. The formation is not known 
along the north coast, though it is probably present concealed by 
the Cojimar-Giiines Limestone overlap. 


Op. cit., pp. 6, 7 (268, 269). 
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OLIGOCENE (MIOCENE?) 


COJIMAR FORMATION 

A small outcrop of soft, white and tan marls of the Cojimar for- 
mation, lying above the Principe formation, which it closely resem 
bles, occurs in the north end of Almendares River cut on the west 
side. This is the only locality where its relationship to the Prin- 
cipe formation is known. It is separated from the latter formation by 
a 50-foot bed of coarse, gravelly limestone with a few limestone 
lenses. The Cojimar formation is well exposed on the south slope of 
the hill that extends from Morro Castle eastward. Here the upper 
part is interbedded with the Giiines limestone and it rests uncon- 
formably on the Upper Cretaceous, the Principe formation being 
absent. It is also well exposed at the west end of the gorge of 
Yumuri River at Matanzas. It is named Cojimar formation from 
its extensive occurrence in Cojimar gorge, 4 miles east of Morro 
Castle. 

The Cojimar formation contains a good fauna of Foraminifera, 
echinoderms, oysters, and pectens which have in part at least been 
correlated with the Bowden Middle Miocene of Jamaica. It lies, 
however, under the Giiines limestone, the basal portion of which 
carries two genera of Foraminifera, Lepidocyclina and Miogypsina, 
which in the Western Hemisphere are not reported from strata 
younger than Lower Miocene. Sufficient fossil material is now at 
hand to fix with greater definiteness the age of this formation. 

The Cojimar formation is not known except along the north 
coast. South of the Habana-Matanzas anticline it very probably 
exists, but is concealed by the Giiines limestone overlap. It may 
possibly be the equivalent to a part of DeGolyer’s “‘Bejucal Lime- 
stone,”’ which he states’? is at Bejucal and eastward. In this area 
both Eocene and Oligocene are known to occur. The limestone out- 
cropping 1 mile northwest of Bejucal is the basal portion of the 
Giiines formation. 

OLIGOCENE-MIOCENE 
GUINES LIMESTONE 

The Giiines limestone has the widest areal distribution of all the 

formations in Cuba, having been deposited over the entire island, at 


2 Op. cit., p. 142. 
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} least from Camaguey Province westward, except for a few scattered 
islands that protruded above the water. It lies unconformably on 
the older formations except in the case of the Cojimar formation 
with which the lower part is interbedded. Being well exposed north 
of Giiines, Humboldt named it the Giiines limestone (Calizo de 
Giiines).“ DeGolyer observed what may be the same formation in 
the gorge of Yumuri River and gave it the name Yumuri limestone." 
In Habana this formation has a maximum thickness of 150 feet. 

At the surface the Giiines limestone is generally a hard, white or 
tan limestone. Where exposed at depth in quarries it is often a soft, 
friable, pure-white coral sandstone with large corals and coral frag- 
} ments. The hard indurated surface is evidently due to the solution 

and redeposition of calcite either between the grains or as caliche. 





(he formation is composed almost entirely of shell fragments, 
though complete fossils are rare. Molds and casts, however, are 
abundant. It is usually coarsely porous and from the dissolution of 
the included fossils weathers to a jagged surface, the projections of 
which are known as “dog teeth” (dientes de perro). A high iron 
content causes it to weather to a rich red, lateritic soil which is con- 
sidered the finest cane land in Cuba. Curious products of weathering 
are the small, round, shot-like bodies known throughout Cuba as 
‘‘nerdigones.”’ These vary from microscopic size to half an inch in 
diameter. So abundant are they that in places they fairly cover the 
ground. The origin of the perdigones is thus far unknown. 

Associated with the Giiines limestone are local soft, tan marls 
carrying a fauna that strongly suggests Miocene age. This phase 
may be seen along the Carretera Central between Cotorro and San 
Francisco de Paula, 15 kilometers southeast of Habana. 

The age of the Giiines limestone is not as yet a matter of agree- 
ment. Salterain’’ considered it Miocene; Cooke ascribed the mol- 
lusks of this formation to the Oligocene." Jackson gave the occur- 
rence of Echinoidea, evidently from this formation, as Oligocene.” 

'3 Op. cit., p. 50. "4 Op. cit., p. 143. 5 Op. cit., p. 26. 

C. W. Cooke, “Tertiary Molluscs from the Leeward Islands and Cuba,” Carnegie 
Inst. Wash., Publ. 291 (1919), pp. 113, 115, 135. 

R. T. Jackson, “Tertiary Echini of the West Indies,” Carnegie Inst. Wash., Publ. 
306 (1922), pp. 38, 46. 
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Hayes, Vaughan, and Spencer stated that the Yumuri limestone 
(possibly the equivalent of the Giiines limestone) is Oligocene.” 
Dr. Mario Sanchez Roig, in discussing a fauna from this limestone, 
placed it in the Miocene.” From the presence of well-recognized 
Oligocene forms, Lepidocyclina and Miogypsina, at the base and 
other forms known from the Miocene higher in the same formation, 
it is believed by the writer that the Giiines limestone is a transitional 
phase between the Upper Oligocene and Lower Miocene. A consid- 





Fic. 4.—Steeply dipping Giiines limestone. Quarry on Calle 23 near Rio Al 


mendares, Habana. 


erable amount of fossil material is now at hand which may serve to 
delimit this formation more definitely. 

The greater part of the Giiines limestone lies flat with little more 
than the initial dip seaward. In the Vedado, a suburb on the west 
side of Habana, at the western end of the Habana-Matanzas anti- 
cline it has been elevated 200 feet. Here the upturned edges have 
been beveled (Fig. 4). 

MIOCENE AND YOUNGER 

Bordering the Giiines limestone on the seaward side there appears 

another limestone that dips coastward at an angle of 30°. This can 


8 Op. cit., p. 24. 
19 “Los Equinodermos Fosiles de Cuba,” Bol. de Minas, Numero 10 (1926), pp. 47, 


. and 66. 
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be observed only locally where exposed in cuts. Like the Giiines it 
is composed of shell and coral fragments, but is not leached to the 
extent of the latter formation. The National Hotel is located on this 
limestone. The corals belong to recent genera, though they are prob- 
ably specifically different. ; 

The 30° dip of this and of the Giiines limestone contrasts with the 
5° dip of the Principe formation as exposed at a distance of less 
than a kilometer, an anomaly which has been observed elsewhere. 
[t is suggested that the highly dipping strata of the younger forma- 
tion are foreset beds and do not represent true dip. 

Bordering the coast and forming a low terrace from 50 to 200 


meters inland is the “arrecife” (reef rock) described by Salterain,” 
who observed that these rocks contain an abundance of corals 
which are often well preserved. Mollusks, however, are rare in the 
area under description. This formation slopes upward from a few 
feet below sea level to an elevation of about 10 feet, forming a sur- 
face of low, jagged rocks. It is the youngest formation in the area, 
is probably not recent, and may be Pliocene or Pleistocene. About 
all that can be stated in a constructive way is that the corals all 
belong to living genera, though some of the species appear to be 
somewhat different, and that since the deposition of this reef rock 
shore conditions have undergone a considerable change. This is 
evidenced by the paucity of coral life in the adjacent waters com- 
pared with the abundance in the rocks, and also by the more vig- 
orous growth of the individual corals during the accumulation of 
the reef rocks. 

Nowhere between the Giiines limestone and the younger forma- 
tion, nor within the latter have any contacts been noted, nor do any 
observations indicate that there is any noticeable lapse of time un- 
recorded by deposition. 

IGNEOUS ROCKS 

There are but few igneous rocks in the area. East of the harbor 
there is a series of serpentine intrusions and a small intrusion of 
serpentine and diorite occurs near the south end of the harbor. As 
Humboldt noted, dry and liquid asphalt seeps are commonly found 


» Op. cil., p. 13. 
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along the borders of these intrusions.2" The Bacuranao oil field in 
eastern Habana Province, which has produced more than 120,000 
barrels of crude petroleum, is located on the border of one of the 
intrusions. 

STRUCTURE 

Habana is located on the west end of an extensive anticlinal struc- 
ture that extends from Habana to Matanzas, a distance of go kilo- 
meters, and has a width varying from to to 12 kilometers. From its 
magnitude and various subsidiary folds and faults it may properly 
be termed an anticlinorium. The axis of the general structure is 
marked by the Guanabacoa intrusion indicated on the accompany- 
ing map. 

The geographical location of this structure has suggested the name 
“Habana-Matanzas”’ anticline. 

An equally extensive syncline parallels the Habana-Matanzas an- 
ticline on the south. The axis of the syncline extends from Cala- 
bazar, along Rio Almendares, eastward through Cuatro Caminos 
Tapaste, Jaruco, Aguacate, the valley of Rio San Juan to Matanzas 
Bay, which is the east end. The two rivers occupying the east and 
west ends of this structure have suggested the name ‘‘Almendares- 
San Juan” syncline. South of Habana the Giiines limestone crops 
out only within the limits of this syncline. 

From San Francisco de Paula on the south flank of the anticline 
westward to and beyond Vento the Giiines limestone rests directly 
upon the Upper Cretaceous, both the Principe and the Cojimar for- 
mations being absent at the surface. These two formations are 
probably present farther to the south but are concealed by the 
Giiines limestone overlap. Along the Giiines limestone—Cretaceous 
contact on the south both formations have a consistent southerly 
dip. The Principe formation is absent from the north flank of the 
Habana-Matanzas anticline and the Cojimar formation lies directly 
on the Cretaceous. 

The Habana-Matanzas anticline plunges beneath the surface on 
the western edge of Habana on a line marked by Rio Almendares. 


1 Op. cit., p. §2. 
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On this plunging end there is the normal succession of sediments, 
Habana, Principe, Cojimar, and Giiines formations. 

The Habana-Matanzas anticline is a structure of distinct interest. 
[he numerous intrusions east of Habana are in many cases accom- 
panied by petroleum seeps and asphalt deposits. In and around 
Habana there are numerous indications of both oil and gas and the 
Bacuranao oil field is located on this structure 10 miles to the east 
of Habana. 

There are many complications within the Habana-Matanzas anti- 
cline. In addition to the main anticlinal axis, marked by the Guana- 
bacoa intrusion, a subsidiary fold of considerable magnitude extends 
‘astward from Vibora (indicated on the map) through and several 
miles beyond the eastern limits of the area under discussion. For ret- 
erence this may be termed the Timon anticline, from Loma Timon, 
that lies along the north flank. 

No traces of overthrusting, slickensides, ordynamic metamorphism 
have been observed. The complications already noted appear to be 
due less to strong lateral compression than to local adjustments of 
extremely pliable beds. This is particularly evidenced where the 
pliable shales are in contact with more competent beds. Here the 
shales are highly folded and crumpled, whereas the harder, more in- 
flexible Cone sandstone shows but a small amount of fracturing and 
relatively little tilting. The features are very similar to the inciden- 
tal crumpling accompanying fan folds, and may be in part the re- 
sult of settling following the elevation of the anticlinal area. The 
very local nature of these folds in the shales is shown by their occur- 
rence in the wall of one side of a road cut and their absence in the 
opposite wall. 

There is no evidence anywhere in the area that the Habana forma- 
tion has ever been deeply buried beneath heavy overburden. This is 
quite in harmony with the known Tertiary stratigraphy. 

Though there is but little faulting within the Tertiary, a fault with 
a throw of about 200 feet is marked by the channel of Habana Har- 
bor. The east side was uplifted, making the steep cliff on which 
Morro Castle is located (Fig. 5). This uplift is a part of the general 
arching of the Habana-Matanzas anticline. West of the channel 
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for a distance of about 4 kilometers the elevation was much less 
until the hill on which the university is located is reached. Here the 
general elevation continues southward forming the escarpment al- 
ready described. 

Another small dislocation with a throw of less than 100 feet is 
marked by Rio Almendares, a kilometer or so from its mouth, where 
it cuts through the Tertiary escarpment and ridge. 





Fic. 5.—Entrance to Habana Harbor. El Morro on right is 250 feet high. The 
Malecon on left is 10 feet. El Morro is on the upthrow side of a fault. 


Several small east-west faults parallel the Timon anticline both 
on the north and the south, giving duplicate exposures of the vari- 
ous members of the Cretaceous. 


GEOLOGICAL HISTORY** 
UPPER CRETACEOUS 

The earliest event recorded in or around Habana is the deposition 
of 7,000 feet or more of the Upper Cretaceous chalk, shales, sand- 
stones, and gravels. The relative abundance of fine-grained sedi- 
ments along the north coast compared to the dominance of coarser 
sediments farther to the south indicates that the land mass furnish- 
ing the materials lay to the south. The occasional occurrence of 
Alveolinella within boulders of the Lime gravels points to an expo- 
sure of older consolidated Cretaceous deposit. This wide apron of 
sediments was evidently deposited upon an oscillating though gen- 
erally subsiding sea bottom, judging from the succession of alter- 
nating coarse and fine deposits within it and its great thickness. 

2 Tn a limited area such as described sufficient data are seldom available for a de- 
tailed history. No attempt will be made, therefore, to give more than the general 
outline of the main sequence of events and to this end adjoining territory will be called 


upon when necessary. In a subsequent paper dealing with the general geological fea- 
tures of the Island, it is planned to present a more complete exposition of its history 
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The youngest of the Upper Cretaceous series, the Big boulder beds, 
with its abundant large boulder content, indicates proximity to a 
land mass of considerable elevation. The gradation to barren and 
local shales, sandstones, and conglomerates in the western part of 
the area has already been mentioned. The only explanation for this 
change that is offered is that extensive deltaic conditions may have 
prevailed in the western part and that these conditions were un- 
favorable to marine life. Drainage courses, however, on a scale to 
produce delta deposits of the magnitude of E] Cano formation, are 
difficult to picture on a terrane corresponding in dimensions to the 
present outline of Cuba. 
UPPER EOCENE 

The absence of the uppermost Cretaceous and the Lower and Mid- 
dle Eocene within the confines or immediately adjoining the area 
suggests that during this time the terrane was above sea level. 
Assuredly this was the case during the latter part of the period while 
all traces of possible Eocene depression were being removed. 

Although the sedimentary record is entirely missing, the gently 
dipping Upper Eocene and younger beds lying directly upon the fan- 
folded Cretaceous evidences a long and varied tectonic history. The 
Habana-Matanzas anticline was very evidently the site of folding 
followed by a period of repose during which erosion reduced the land 
surface practically to baselevel. The débris was carried beyond the 
present outline of Cuba and there deposited in unknown basins, for 
no subsequent deposits are known to contain elements from the deg- 
radation of the Cretaceous terrane with the exception of one local 
gravel of late Tertiary age. 

The question was raised earlier as to the possible Eocene age of 
the shale beds at Capdevila. These beds, it will be recalled, are con- 
formable to the steeply dipping Cretaceous (Fig. 2). In case they 
later prove to be Lower Eocene, the period of most intense folding 
was post-Cretaceous and between the Lower and Upper Eocene. 

Shallow, open water conditions prevailed during the Principe 
Eocene time. Evidently a shale with low topography furnished the 
material for the fine, brown muds below the white chalk. Whether 
this was followed by a submergence is not clear. It is clear, however, 
from the purity of the Principe white chalk, that adjacent shores 
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made but little contribution. These white chalks and marls are re- 
markably like the white, calcareous sands and muds now accumulat- 
ing in the shallow basins off the north shores of Santa Clara and 
Camagiiey provinces. These basins lie between the coast and the 
outer cayos. The latter form an almost continuous barrier to the 
wave action of the Old Bahama channel. The calcareous sands 
and muds are being derived for the most part from the fauna living 
within this habitat. The fauna of the Principe, however, indicates 
open-water conditions rather than protected basins. The corals, brach- 
iopods, and crinoids of the Principe are notably absent from the north 
coast basins, and the foraminiferal assemblage is entirely distinct. 

Much of Habana and vicinity was submerged during the Upper 
Eocene time. The absence of sediments of this age in Habana proper 
and between Calvario and Vento suggests that there were probably 
Upper Eocene islands. 

There is no evidence that this part of Cuba was deeply submerged 
at any time during the Tertiary. The almost flat Eocene, together 
with the absence of fractures and dislocations, indicate an unevent- 
ful history, whose main events were confined to small vertical oscil- 
lations. 

OLIGOCENE-MIOCENE 

From the Principe Upper Eocene to the Upper Oligocene or Lower 
Miocene Cojimar time historical data are almost entirely wanting. 
In the cut of Rio Almendares there is a nondescript formation be- 
tween the Principe and Cojimar formations, but it gives no informa- 
tion of importance. 

The white chalk and marls of the Cojimar bear a close similarity 
to those of the Principe. The faunas, though distinct, both probably 
developed in open water of the continental shelf. The almost total 
absence of corals from the Cojimar fauna is interpreted as evidence 
of offshore protection from wave action or deeper water with an 
unfavorable habitat for corals. 

At Casa Blanca on the east side of the harbor, the Cojimar forma- 
tion is interbedded with the lowest beds of the Giiines limestone. 
Farther to the east, where the two are exposed in cuts, no definite 
line of demarcation can be drawn between them. Where the two are 
present they everywhere appear to be conformable. 

During the period of the deposition of the Giiines limestone there 
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was a submergence of practically the entire island of Cuba with the 
possible exception of a few island areas. The abundance of coral 
remains in this formation indicates that the island was subject to the 
full force of the ocean’s waves with no protection by off-shore barriers. 

It seems probable that much more of the Giiines limestone may be 
contemporaneous with the Cojimar formation than the data at Casa 
Blanca indicate. South of Habana, at Jamaica, the Giiines limestone 
lies directly on the Principe. The lower member of this exposure 
carries a fauna of several species in common with the Cojimar for- 
mation. 

[his view may be summarized as follows: the Giiines limestone 
for the most part lies above the Cojimar formation. Where the Coji- 
mar is absent, however, there is a possibility that the lower part of 
the Giiines is the time equivalent of the Cojimar. The occurrence of 
Ostrea haitiensis Sowerby in both faunas gives weight to this sug- 
gestion. 

LATE TERTIARY AND QUATERNARY 

Minor folding and faulting along old lines of weakness, accom- 
panied by erosion and vertical oscillations, summarize the history of 
Habana since the deposition of the Giiines limestone. The Creta- 
ceous core of the Habana-Matanzas anticline, flanked by cliffs of 
Giiines limestone dipping away from the axis, furnishes the evidence 
of late folding and the removal of the Giiines from areas of consider- 
able elevation. 

[t seems probable that the history of Habana since the deposition 
of the Giiines has been one of general, though interrupted, elevation 
accompanied by the deposition of reef limestone along the coastal 
margin. This restricted occurrence indicates that there has been no 
extensive post-Giiines limestone submergence. 

The several terraces evidence corresponding interruptions in the 
general elevation. Vaughan”) mentions terraces in Habana at 5, 10 
to 15, 100, and 200 feet. To these may be added three that are sub- 
marine: —30, —60 and —6oo feet. The last is the margin of the 
continental shelf and is mentioned merely for completeness. The 
two submarine terraces were evidently cut while the island was at a 
higher level than at present. 

here is another bit of evidence of this earlier elevation. Vaughan 


Hayes, Vaughan, and Spencer, op. citl., p. 20. 
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described a channel under the entrance to Habana Harbor that is 
filled with sand to a depth of approximately 30 meters. In the bed 
of Rio Almendares a sand-filled channel 69 feet below sea level was 
observed during soundings for bridge abutments (Fig. 6). The 
drowned condition of the lower Rio Almendares, Rio Cojimar in the 
gorge, Habana Harbor, and other streams to the east, is indicative 
that Habana and the north coast is at the present time sinking. It 
is evident that these valleys were excavated while the general ter- 
rane was at correspondingly higher levels. 

Hill** explains the harbors and their channels as being due to the 
rivers maintaining fresh-water channels through the salt water for 
some distance off shore in which the corals could not live. They 
could form reefs, however, on either side of the channel, and subse- 
quent elevation would result in a channel through the reef. The ex- 
planation of the harbors by this process is not clear. 

What seems to be the correct explanation of the formation of 
Habana Harbor, however, has been given by Vaughan. He postu- 
lates a drowned area connected with the sea by a channel through a 
ridge of hard, reef limestone, the harbor proper being excavated in 
the soft Cretaceous rocks at the union of water courses near their 
outlet. To this may be added that the channel follows a northwest- 
southeast course through the reef rock along a line weakened by a 
fault. The upthrow side on the east forms the cliff on which Morro 
Castle and La Cabajia are located (Fig. 5). The throw of this fault 
is 270 feet, measured by the elevation of Morro Castle. The emer- 
gence east of the channel is well shown by the northward bulge of 
El Morro coast line relative to the Habana side of the channel. The 
same is reflected in the submarine contours along the coast, a feature 
taken into account by the wide, westward detour around this 
shallow taken by ships entering and leaving the port.’ 

4 Op. cit., p. 279. 

I am under great obligation to friends without whose assistance this paper would 
have been quite impossible. The Estado Mayor, through the courtesy of Comandante 
Savio, has prepared the maps. Dr. Enrique Guinea, Ing. Jefe del Departmento de 
Obras Publicas of the Provincial Government of Habana kindly furnished the profile of 
Rio Almendares. Dr. Lombillo Clark and Sr. Enrique Hernandez del Negociado en 
Mejoras de Rios y Puertos supplied the data on Habana Harbor. Dr. Mario Sanchez 
Roig and Mr. Charles Thrall placed their historical literature at my disposal. Sr, 
Juan Mutiozabal has been of great assistance in securing valuable data. The photo- 
graphs were taken by the Rev. O. K. Hopkins. 














THE PETROGRAPHIC RE-EXAMINATION 
OF QUARTZ-BEARING PLUTONITES 
FROM VERMONT 
J. E. MAYNARD 
Syracuse University 
ABSTRACT 
Quartz-bearing plutonites from Vermont long have been known, especially those that 
are widely used as building stones. Invariably these rocks have been designated as 
“granites,” or more rarely as ‘“‘quartz monzonites.’’? Usually they have been named from 
very general qualitative mineral analyses; and even if they were named from partial 
quantitative mineral analyses, there were very few cases in which the actual percentages 
of the various feldspars, so important in the modern classification of rocks, had been 
determined. From detailed, quantitative, mineral analyses it is suggested that the 
“‘Dummerston white granite’’ from the Black Mountain quarry might more properly be 
called a leucogranodiorite; the ‘‘soda granite’? just south of Hardscrabble Corner, 
Springfield, a leuco-sodaclase-granodiorite; the “biotite granite’ from the Boutwell, 
Milne, and Varnum Company’s quarry at Barre a biotite-granodiorite; the ‘‘biotite 
granite’ from the Mackville quarry south of Hardwick, a biotite-granodiorite; the 
“Bethel white granite’’ from Christian Hill, a leucotonalite; the ‘‘granite’’ from the 
Gosselin Granite Company’s quarry, northeast of Chester, a leucotonalite; the “‘gran 
ite’? northeast of Gassetts railroad station, Chester, a leucotonalite; and the “soda 

granite’’ from 3 miles north of the village of Westminster, a biotite-tonalite. 
INTRODUCTION 

During the past forty consecutive summers Charles H. Richard- 
son, of Syracuse University, has been working on the geology of 
Vermont. In connection with this work he has gradually accumu- 
lated from this region a large collection of rock specimens with corre- 
sponding thin sections. Upon reading Johannsen’s recent Descrip- 
live Petrography of the Igneous Rocks, Volume II, it occurred to the 
author that it might be of value to re-examine some of these rocks, 
especially from the quantitative viewpoint; for on searching the lit- 
erature very few modal analyses could be found. In addition some 
of the rock descriptions were so brief that it was impossible to tell 
just where the rock would fit in a modern quantitative classification, 
or to determine if it had been given a name that corresponded with 
modern usage. Furthermore, there was a possibility that some of these 
rocks might fill vacant ‘‘pigeonholes”’ in Johannsen’s classification. 


Permission to use the material was readily obtained from Dr. 
Richardson, to whom the author wishes to acknowledge his indebt- 
edness. 
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For comparison and convenience the modes of the various rocks 


are given in Table I rather than with the descriptions of the in- 


TABLE I 


MODES OF QUARTZ-BEARING PLUTONITES 
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four thousand, extra care being taken when the rock was near the 
border line between two classes. In all cases the feldspars identified 
in the thin sections were rechecked by immersing powdered frag- 
ments of the rocks in oils until one had been found that corresponded 
with the least index of refraction of the cleavage fragments. Then 
by means of the curves worked out by Tsuboi‘ the particular plagio- 
clase and its approximate chemical composition could easily be de 





Fic. 1—Dummerston leucogranodiorite. Shows large area of fresh orthoclase con 
taining small inclusions of biotite and a larger one of oligoclase, the latter being crossed 
by small laths of white mica; Carlsbad twin of altered oligoclase in the lower right part 
of the picture; light and dark areas of microcline in the center; and quartz showing 
undulatory extinction at the top. Crossed nicols X 28. 


termined. The crushed fragments serve also as a rough check on the 
percentages of the minerals present, for the different mineral frag 
ments in a given area can be counted and then calculated into per 
centages. 

1. Leucogranodiorite-—The specimens of this well-known Ver 
mont rock were obtained from the Black Mountain quarry, which is 
situated ? of a mile south-southeast of the village of West Dummer 
ston, Dummerston Township. Commercially the rock is known as 
“‘Dummerston white granite.” 


tN. H. Winchell and A. N. Winchell, Elements of Optical Mineralogy, Part II (1927), 
p. 298. 
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Dale’ states that the rock 

| is a quartz monzonite of very light gray shade, speckled with bronze-colored 
mica (muscovite and biotite), and of even-grained medium texture, with feld- 

spars up to 0.3 inch and mica to 0.1 inch. Its constituents, in descending order 

of abundance, are clear to pale smoky quartz, showing effect of strain, with 

hairlike crystals of rutile and a few fluidal cavaties in sheets; milk-white soda- 

lime feldspar (oligoclase to oligoclase-albite), some of it with flexed twinning 

planes, kaolinized and micacized; clear potash feldspar (microcline and ortho- 

clase); muscovite and less biotite apparently intergrown and bent or twisted 
with fibrous muscovite stringers extending out from them into and between the 
her particles. Accessory: Apatite, rutile. Secondary: Kaolin, white mica, 
epidote, zoisite, calcite. There are crush borders about the quartz and feldspar 


articles. 


In thin section this rock shows a hypautomorphic-granular tex- 
ture, the grains averaging 1 millimeter in cross section. This texture 
is due, primarily, to much partially automorphic oligoclase, Ab87 
\n13, some of which is zoned and rarely twinned on the albite law. 

It is partly altered to kaolin, white mica, or confused aggregates of 
epidote and zoisite. No hairlike inclusions of rutile were found in the 
quartz; there were, however, many needle-like crystallites that are 
probably apatite.* The quartz, otherwise, was found to fit the de- 
scription given by Dale. The potash feldspars include microcline, 
orthoclase, and very minor microcline-perthite. The orthoclase oc- 
curs as large xenomorphic grains that have many large inclusions of 
biotite and quartz. Typical cross-hatched microcline is found as 
xenomorphic grains filling the interstices between the earlier crys- 
tallized minerals. The micas and the accessary minerals correspond 
with the descriptions given by Dale except that rutile is absent, and 
biotite, instead of being less than muscovite, is about twice as abun- 
dant and contains many inclusions of zircon, some of which are sur- af 
rounded by pleochroic haloes. 

As mentioned in the preceding article, Dale classifies the rock as 
a ‘quartz monzonite,’’ but the amount of potash feldspar is not great 
enough to place it in this group. It should rather be classed with the 

lr’. Nelson Dale, ‘(Commercial Granites of New England”’ U.S. Geol. Surv. Bull. 738 

)23), p. 153; “The Granites of Vermont,’’ Rept. Vt. State Geol. (1909-10), p. 172; 
U.S. Geol. Surv. Bull. 404 (1909), pp. 105-6. 


See discussion of rutile in quartz under No. 5. 
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granodiorites, if Lindgren’s* modified definition of granodiorite is ac- 
cepted; for he says that in a granodiorite the plagioclase feldspar is 
“at least equal to double the amount of the potash feldspar.” Ac- 
cording to Johannsen,’ Lindgren’s classification, based on the 
potash feldspar-plagioclase ratio is: o-133 per cent potash feldspar, 
quartz-diorite; 133-333, granodiorite; 333-663, quartz-monzon- 
ite. Johannsen® modifies these values and gives the following ratio: 
from o-5 per cent potash feldspar, quartz-diorite; 5-35, granodio- 
rite; 35-50, quartz-monzonite, although he prefers to leave out the 
quartz-monzonite group altogether. Thus the rock also falls with 
the granodiorites in Johannsen’s classification. 

2. Leuco-sodaclase-granodiorite.—-This rock is of particular inter- 
est because it seems to fill one of the vacant gaps in Johannsen’s 
classification. The outcrop is situated just south of Hardscrabble 
Corner, Springfield, Vermont, where there is an abandoned quarry 
on the Perry Robinson farm now occupied by Joseph Siliski. 

Richardson’ describes the rock as a soda granite in accordance 
with his custom of designating as such all granitic rocks high in 
quartz in which acid plagioclase is in excess of potash feldspars. He 
states that it is 


of fine to medium texture, of light gray to a medium gray color. The plagioclase 





feldspars, albite to albite-oligoclase are in excess of the potash feldspars, ortho 
clase and microcline. The typical accessory minerals are apatite, epidote, zir 

con, microlites of pyrite and magnetite. There are occasional scales of chlorite } 
derived through the chloritization of the biotite. 

The rock, megascopically, is massive and uniformly medium 
grained. It is commonly light gray, mottled with slightly greenish 
patches. The base of the rock is easily identified white quartz and 
milk-white feldspar. Distributed more or less evenly throughout 
this base are many flakes of muscovite, a few of biotite, and irregular 
patches of a greenish mineral that later was found to be epidote. 

Under the microscope the texture of this rock is hypautomorphic- 

4 Waldemar Lindgren, ‘‘Granodiorite and Other Intermediate Rocks,’’ Amer. Jour. 

Sci., Vol. EX (1900), p. 277. 

5 Op. cit., p. 310. 

® Thid., p. 320. 

7 Charles H. Richardson, ‘‘The Geology of Springfield, Vermont,’’ Rept. Vt. State 


Geol. (1920-30), Pp. 204. 
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granular, with the grains having an average diameter of 1.5 milli- 


meters; thus the rock is medium grained. As can be seen from Table 
I, sodaclase, quartz, and microcline are the essential constituents, 
with the amount of potash feldspar so small that the rock is very 
close to the dividing line between the granodiorites and the tonalites. 
he sodaclase,* Abg3 Anz, is often partially automorphic and rarely 
shows curved albite twinning lamellae; but the effects of hydrother- 
mal alteration are very evident, for it is is often pitted and replaced 





Fic. 2—Hardscrabble Corner leuco-sodaclase-granodiorite. Shows sodaclase that 
is more or less altered to kaolin, white mica, and confused aggregates of epidote; and 
quartz. Crossed nicols xX 28. 


by white mica, epidote, and kaoline. The quartz is xenomorphic, 
with many liquid and gas inclusions. It shows banded undulatory 
extinction and often mortar texture, indicting that the rock has 
undergone considerable dynamic action. Although white mica, both 
in large flakes and small shreds, is abundant, all of it appears to be 
secondary, probably deuteric. Biotite is the only original dark con- 
stituent of the rock. It is now replaced almost entirely by chlorite 

\lbert Johannsen in a review of F. H. Hatch’s ‘Petrology of the Igneous Rocks,”’ 
Jour. Geol., Vol. XXXIV (1926), p. 840, suggests that sodaclase and calciclase be used for 
the two end members of the plagioclase series; the terms ‘‘albite’’ and ‘‘anorthite’’ being 


confined to the pure end molecules. The division points of his series are Abroo Ano, 
\bgo Anro, Abso Anso, Abro Ango, Abo Antoo. 
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showing typical ultra-blue interference colors. Epidote is abundant. 
It is found both as large and smail grains and as aggregates replacing 
the sodaclase. It might be mistaken for zoisite or clinozoisite, for it 


is of a light gray color and gives low interference colors, but it is neg 
ative in sign. The accessory minerals are small wedges of titanite, a 
few needles and grains of apatite, and a few zircons as inclusions in 
the chlorite. Only one grain was found that might possibly be ortho- 
clase. 


€ 









Fic. 3.—Barre biotite-granodiorite. Shows quartz with undulatory extinction; 
cross-hatched microcline; kaolinized and micacized oligoclase. Part of the dark area in 
the center of the picture is biotite. Crossed nicols X 28. 


3. Biotite-granodiorite.—The samples studied were obtained from 
the 150-foot level of the Boutwell, Milne, and Varnum Company’s 
quarry, which is situated just south of the top of Millstone Hill in the 
well-known “Barre granite area.’’ The area is situated about 5 miles 
southeast of Montpelier, near the southeast corner of the township of 
Barre. 

Many differentiates of this intrusive seem to have been found. 
Finlay’, in his study of the area, gives the following general descrip- 
tion of the outcrop: 

Its color is gray or bluish gray. Upon the abundance or scarcity of black 
mica depend primarily the grades of dark, medium, or light stock known to the 

9 George I. Finlay, ‘‘The Granite Area of Barre, Vermont,” Rept. Vt. State Geol 


(1901-2), PP. 55-59- 
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trade. The darker is often finer grained. It differs from them in the distinct 
bluish cast which characterizes its feldspars as well as in the larger content of 


silica. 

Under the microscope he found abundant microcline, quartz, and 
biotite, much less plagioclase, muscovite, and orthoclase. The ac- 
cessory minerals are apatite, titanite, magnetite, and tourmaline; the 
secondary calcite and part of the muscovite. 

Finlay also gives the modes of three phases of the granite. First, 
acid granite, southern end of Millstone Hill, microcline 47.9 per cent, 
orthoclase 7.5 per cent, plagioclase 15.1 per cent, quartz 26.0 per 
cent, muscovite 3.3 per cent; second, medium granite, eastern slope 
of Millstone Hill, microcline 56.8 per cent, orthoclase 2.1 per cent, 
plagioclase 1.3 per cent, quartz 28.5 per cent, biotite 10.2 per cent, 
muscovite 0.1 per cent, titanite 0.6 per cent; third, basic granite, 
northern slope of Millstone Hill, microcline 38.4 per cent, orthoclase 
8.9 per cent, plagioclase 3.7 per cent, quartz 18.4 per cent, biotite 
26.1 per cent, muscovite o.2 per cent, titanite 2.6 per cent, magnetite 
[.0 per cent, apatite o.5 per cent. 

Dale’® has studied the granite from many quarries in the area. 
He states that 
“it appears to be everywhere a biotite granite in which the orthoclase is consid- 
erably kaolinized and micacized, but the microcline is fresh.”’ In color it ranges 
from “‘very light gray to very dark bluish gray,” that of the Bruce and Boutwell 
quarries being ‘‘dark inclining to medium bluish gray, of even grained fine 
texture and with feldspars up to 0.2 inch.” The essential constitutents in de- 
scending order of abundance are ‘‘translucent bluish gray to milk-white potash 
feldspar (orthoclase, kaolinized and micacized, and a little clear microcline, one 
such orthoclase inclosing a fresh microcline) ; light smoky quartz, with cavaties 
in sheets and with cracks parallel to them (the quartz shows optical effects of 
strain); milk-white soda-lime feldspar (oligoclase-albite), more or less altered, 
rarely with bent twinning planes; biotite (black mica); and a little muscovite or 
bleached biotite. Accessory: Titanite, magnetite, pyrite. Secondary: Not a 
little calcite within the orthoclase, kaolin, one or two white micas.” 

Balk" very briefly describes the average Barre intrusive as a fine 
to medium-grained, light-gray, pure “biotite granite.”’ 

In thin section the author found the texture of this rock, owing to 

10 Op. cit., pp. 128-31. 

' Robert Balk, “‘A Contribution to the Structural Relations of the Granite Intru- 
sions of Bethel, Barre, and Woodbury, Vermont,’ Rept. Vt. State Geol. (1925-26), p. 51. 
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the early crystallization of the oligoclase, to be hypautomorphic- 
granular, with the grains averaging 0.8 millimeters in diameter. Acid 
oligoclase, Ab85 Ants, rarely showing albite twinning, and partially 
altered to kaoline, paragonite, and minor calcite, is the most abun- 
dant constituent. Because of the lack of twinning, it could easily be 
mistaken for orthoclase, but the least index of refraction on the 
cleavage flakes was found to be 1.535. Biotite, sometimes partly 
automorphic, occurs in flakes and aggregates, often with inclusions 
of apatite and zircon, many of the latter with pleochroic haloes. The 
interstices between the oligoclase and biotite are filled with later crys- 





tallized xenomorphic quartz and microcline. The quartz shows undu- 
latory extinction, is fractured, and has a few gas and liquid inclusions, 
along with numerous small, needle-like crystallites of apatite. The 
microcline has the characteristic cross-hatched appearance and shows 
very little alteration. The biotite is the dark-brown normal variety, 
the angle between the optic axes being small but distinct. White mica 
is found as shreds and large flakes and is an undoubted hydrother- 
mal alteration product of the oligoclase. The accessory minerals are 
apatite, zircon, a few grains of titanite and ilmenite that is in an 
advanced state of alteration to leucoxene. 

As previously mentioned, Dale classifies the rock from the Bout- 
well quarry as a “biotite granite’; whereas the author, from the 
mode, prefers to classify it as a granodiorite. The variations in the 
two descriptions, however, may be due to the fact that the samples 
were taken from different levels in the quarry, or else untwinned 
plagioclase may have been mistaken for orthoclase. 

4. Biotite-granodiorite—The specimens were obtained from the 
abandoned Mackville quarry, which is situated about 2 miles south- 
east of Hardwick, Vermont. 

Richardson,” from a brief megascopic examination, describes the 
rock as “a dark gray medium grained biotite granite bearing a few 
scales of muscovite.’’ On microscopic examination, however, this 
rock was found to be a granodiorite. 


2 Charles H. Richardson, Arthur E. Brainerd, and Daniel J. Jones, ‘“The Geology 
and Mineralogy of Hardwick and Woodbury,” Rept. Vt. State Geol. (1913-14), p. 318. 
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In hand specimens it is massive, dark gray, and uniformly fine 
grained. Its base, slightly smoky quartz and milk-white feldspar, is 
speckled uniformly with many small flakes of biotite; the combined 
effect being to give the rock its dark-gray appearance. 

The texture of the rock is hypautomorphic-granular, the grains 
averaging 1.3 millimeters in cross section. This texture is due, prin- 
cipally, to the complete or partial automorphism of the slightly 
kaolinized and micacized oligoclase, Ab82 An18, which shows both 


i‘. 
him 





~ 


Fic. 4.—Mackville biotite-granodiorite. Shows slightly kaolinized and micacized 
ntwinned oligoclase, the grain in the left of the picture showing faint zoning; and 
dark areas of quartz. Crossed nicols X 28. 


Carlsbad and albite twinning and is the most abundant mineral 
constituent. Clear xenomorphic quartz with many small gas and 
liquid inclusions, and small prisms and cross sections of apatite, 
together with light-brown, unaltered biotite showing many inclu- 
sions of apatite and a few of zircon, and fresh xenomorphic micro- 
cline make up the remaining essentials of the rock. There are also a 
few flakes of slightly greenish-white muscovite. The accessory min- 
erals are apatite, zircon, titanite, and magnetite. The secondary 
minerals are kaoline, white mica, and a few grains of epidote and 
pyrite, the latter being partially altered to iron oxide. 
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5. Leucotonalite—The commercial name of this well-known rock 
is ‘Bethel white granite” or ‘“Hardwick white granite’ depending 
upon the quarry from which it is obtained. The outcrop is situated 
on Christian Hill about 3 miles northeast of the village of Bethel, 
Vermont. 





Fic. 5.—Bethel leucotonalite. In the lower part of the picture is a fresh untwinned 
automorphic crystal of oligoclase. An interlocking aggregate of oligoclase and quartz 
with a very little microcline make up the remainder of it. Crossed nicols X 28. 


Dale’’ has given the most complete description of this rock. He 
describes it as 
a quartz monzonite of slightly bluish milk-white color, with grayish spots up to 
0.3 inch, and of coarse inclining to medium texture, with feldspars up to 0.4 and 
0.5 inch and mica to 0.3 inch. Its constituents in descending order of abundance 
are: Clear, colorless, rarely bluish quartz with hairlike crystals of rutile and 
with fluidal and other cavaties in sheets, with rift cracks parallel thereto; 
bluish milk-white soda-lime feldspar (oligoclase) slightly kaolinized and mica- 
cized; clear potash feldspar (orthoclase, slightly kaolinized, with very little 
microcline); muscovite (white mica); and a very little rutile. The secondary 
minerals are kaoline, a white mica, epidote, zoisite in some abundance and very 
little calcite.” 

Richardson" suggests that this rock be called a ‘“‘soda granite,’ ow- 
ing to the fact that it is high in quartz and that the soda-lime feldspar 
13 Op. cit., pp. 156-57. 

'4The Terranes of Bethel, Vermont,”’ Rept. Vt. State Geol., (1923-24), pp. 92-95 
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is in excess of the potash feldspar. From the mode it can be seen that 


potash feldspar is only a minor accessory and that the dark constit- 
uents are represented by only a few small flakes of biotite. As a 
consequence of this, the author believes the rock could more proper- 
ly be classified as a leucotonalite. 

In thin section the rock is hypautomorphic-granular, for many of 
the oligoclase feldspars are automorphic, the interstices being 
filled with quartz and a little microcline. The average size of grain is 
1.6 millimeters. Oligoclase of the composition, Ab82 An18, instead 
of quartz, as stated by Dale, is the most abundant constituent. It 
shows partial alteration to kaolin, white mica, and a very little 
calcite. Orthoclase was not found in the thin section studied or in 
any of the numerous samples that were crushed and the fragments 
examined in oils. It is probable that Dale mistook some of the oligo- 
clase for orthoclase, as much of it does not show albite twinning and 
quite often does show Carlsbad twinning. A chemical analysis made 
by Charles F. McKenna’ confirms the low potash content (0.62 per 
cent) of this rock. The hairlike inclusions in the quartz, which Dale 
thought were rutile, when examined under a No. 7 Leitz objective, 
were found to be colorless or pale green, with a refractive index not 
very much greater than that of the quartz. Johannsen” believes that 
such inclusions are chiefly apatite. Flakes of muscovite, grains of 
epidote, and a few small flakes of biotite are present. No zircon was 
found in the thin section examined. 

Another rock that very closely resembles the Bethel leucotonalite 
can, advantageously, be mentioned here. It is known as the ‘‘Ply- 
mouth white” granite and is found about 4 mile northwest of the 
Pinney Hollow road and an equal distance due west of the Pinney 
Hollow schoolhouse, Plymouth, Vermont. The rock was first men- 
tioned briefly by Hager,’’ and then a more general description was 
given by Dale'® who described it as 
a quartz monzonite of fine granitic texture (grade 3) with feldspars under o.5 
centimeters. The feldspars are milk-white exceptionally remotely pinkish, and 

Rept. Vt. State Geol. (1909-10), p. 177. © Petrography, Vol. II (1932), p. 134. 
C. H. Hitchcock, and E., Jr., and A. B. Hager, Rept. Vt. State Geol. (1861), pp. 
$0-4I. 


> “Commercial Cranites of New England,”’ loc. cit., pp. 160-61. 
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become more white on continued exposure. The quartz is faintly smoke cglored 


and the mica mostly very white. 

He gives its essential constituents in descending order of abundance 
as oligoclase-albite, quartz, microcline, and orthoclase with minor 
amounts of muscovite and epidote. The accessory minerals are apa- 
tite and rutile, secondary kaolin, epidote, a white mica, and calcite. 
Perry’? more recently studied the rock quantitatively and gave the 
following mode: quartz 30.3 per cent, albite ranging to oligoclase 





Fic. 6.—Leucotonalite from boundary line between Baltimore and Chester. Shows 
a large Carlsbad twin of oligoclase that is also poorly twinned on the albite law and is 
embayed by quartz; smaller grains of twinned and untwinned oligoclase that inter- 
lock with quartz; and a very small amount of microcline at the right of the picture. 
Crossed nicols X 28. 


60.5 per cent, microcline 5.7 per cent, microperthite 1.6 per cent, 
muscovite 1.7 per cent, and apatite o.1 per cent. He states: “Ac- 
cording to recent practice in petrography (this rock) would be con- 
sidered as an albite granite or possibly a granodiorite or quartz 
diorite.”” With respect to Johannsen’s classification, it should be 
called a leucogranodiorite although, due to the low percentage of 
potash feldspars, it is very close to the leucotonalites. 

6. Leucotonalite—This rock outcrops along the east central 
boundary line between Baltimore and Chester, Vermont, and it has 


19 Elwyn L. Perry, “The Geology of Plymouth and Bridgewater, Vermont,”’ Rept. Vt. 
State Geol. (1927-28), p. 44. 
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been quarried to some extent 1 mile northeast of Gassetts railroad 


station in Chester. Richardson’? mentions the rock, but gives no 
petrographic description. 

The rock, megascopically, is of medium grain, slightly pinkish- 
white in color, and speckled with a few flakes of black biotite and 
white muscovite. Yellowish-brown stains of iron oxide occur both as 
spots and as stringers. In addition to the micas, white quartz and 
pinkish-white feldspar can easily be identified. The pinkish tinge 
appears to be more prevalent where the rock has been exposed to 
atmospheric agents. 

Under the microscope the rock shows a xenomorphic-granular 
texture, the largest grains reaching 2 millimeters in cross section. 
The chief constituents are xenomorphic oligoclase, Ab74 An16, and 
quartz, the former probably started to crystallize before the latter, 
but toward the end of the crystallizing period both crystallized at the 
same time. The oligoclase is, in general, very poorly striated, but 
occasional anhedrons are found showing either good Carlsbad, al- 
bite, or combined albite and pericline twinning. It is slightly altered 
along parallel bands to kaolin and to a little white mica and epidote. 
It contains a few inclusions of quartz. The quartz is clear and very 
rarely shows undulatory extinction or fractures. Liquid and gas in- 
clusions, needles of apatite, and small laths of biotite are not ex- 
ceptionally prevalent in the quartz. Ragged flakes of muscovite and 
biotite are only sparingly found, and the latter is usually in some 
stage of alteration to chlorite and iron oxide. The accessory minerals 
are fresh xenomorphic microcline, showing the typical grating struc- 
ture and being the last mineral to crystallize, and a few small auto- 
morphic apatites. The secondary minerals are large to small grains 
of epidote, iron oxides as opaque red grains and pale brown stains 
that principally follow fractures, chlorite, kaolin, and white mica. 

7. Leucotonalite-—The outcrop of this rock is located about 2 
miles northeast of the village of Chester, Vermont. It is owned and 
operated by the Gosselin Granite Company of Springfield, Vermont. 

Charles H. Richardson. ‘“The Geology and Petrography of Cavendich, Reading, 
and Chester, Vermont.’’ Rept. Vt. State Geol. (1927-28), p. 233. 
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According to Richardson,”" 
this granite is of medium gray color and of even granular texture. It carries both 
muscovite and biotite. Its mineral composition in descending order is quartz, 
albite to albite-oligoclase, microcline, orthoclase, muscovite, biotite, epidote, 
apatite, zircon, magnetite. 

A more detailed description of this rock is as follows: it is between 
medium and light gray in color, the color being due to the even dis- 





Fic. 7.—Chester leucotonalite. Shows a saccharoidal aggregate of clear quartz and 


very fresh oligoclase. Part of the latter shows albite twinning; part does not. Crosse: 


nicols 28. 


tribution of the many fine flakes of biotite and muscovite through 
out a preponderance of slightly smoky quartz and milk-white soda 
lime feldspar. It is fine grained, sugary, and the mica flakes are more 
or less orientated in the same direction, giving the rock a slight 
trachitoid appearance. 

In thin section it shows a xenomorphic granular texture, almost 
saccharoidal. The grains average o.5 millimeters in diameter. Xeno 
morphic quartz and oligoclase, Ab83 An17, make up approximately 
85 per cent of the rock. They appear to have crystallized simultane 
ously. At a glance they are very difficult to tell apart, for both are 
very fresh and unaltered and have approximately the same index of 
refraction. In addition, much of the oligoclase rarely shows cleavage 


4a Op. ctl., p. 233. 
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traces or twinning striations. The quartz and more rarely the oligo- 
clase are filled with many small gas and liquid inclusions and crystal- 
lites of apatite. Fresh microcline, with perhaps a little orthoclase, 
for a few grains do not show cross-hatching, is only a minor constit- 
uent. It was the last mineral to crystallize, and fills the intetstices 
between the quartz and feldspar. Non-terminated laths of colorless 
muscovite and pale-brown biotite in parallel intergrowth, the latter 
containing numerous inclusions of apatite and a few zircon, along 





1G. 8.—Wellington Hill biotite-tonalite. Shows a cataclastic aggregate of striated 
clase and clear quartz, the latter being crushed more than the former; and ragged 
of biotite that appear black in the picture. Crossed nicols X 28. 


with large to small grains of epidote, complete the major constit- 
uents. Additiona] accessory and secondary minerals are: a small 
amount of magnetite and orthite, the latter being intimately asso- 
ciated with epidote, and very small quantities of kaolin and chlorite. 

§. Biotite-tonalite.—The outcrop of this rock is situated on Well- 
ington Hill about 2 miles west of the Connecticut River and 3 miles 
north of the village of Westminster, Vermont. It was first briefly de- 
scribed by Richardson and Maynard” as a medium-grained, gray 
“granite.”’ They state: 

rhe essentials of this granite are quartz, oligoclase, minor orthoclase and bio 
tite. Oligoclase is by far the most abundant constituent. Biotite is the chief 


Charles H. Richardson and J. E. Maynard, ‘The Geology and Petrography of 
ens, Brookline and Westminster, Vermont,’ Rept. Vt. State Geol. (1931 





32), P. 330. 








162 J. E. MAYNARD 


ferromagnesian mineral and it shows all stages of alteration to chlorite. The 
accessory minerals are a few crystals of hornblende, apatite, and ilminite. The 
ilminite shows alteration to titanite. The secondary minerals are calcite, seri- 
cite, chlorite, and kaolinite. 

The rock, megascopically, is medium grained. It is of an inter 
mediate gray color, which is due to the combined effect of milk 
white plagioclase and much bronze-colored mica. 

A cataclastic texture shows under the microscope, with indications 
of the original texture tending toward xenomorphic-granular rather 
than automorphic-granular, and with the broken grains ranging from 
0.2 to o.8 millimeters in diameter. About 50 per cent of the rock is 
more or less shattered oligoclase, Ab85 Ants, which is often twinned 
on the albite and pericline laws. In many places it has been re 
placed by calcite, epidote, zoisite, kaolin, and white mica, the whit« 
mica being more abundant in the shattered portions of the feldspars. 
The quartz is crushed much more than the oligoclase; but, in gen 
eral, the various portions of an original grain show very little rotation 
as they are still, making allowance for shadowy extinction, optically 
continuous. Liquid and fluid cavaties, along with a few needles of 
apatite, occur only sparingly in the quartz. Reddish-brown biotite 
containing numerous inclusions of apatite and zircon with pleochroic 
haloes, and in all stages of alteration to very pale-green chlorite is 
the most abundant ferromagnesian mineral. It is found as large 
non-terminated flakes and as ragged aggregates, and shows no defi 
nite orientation. Pale-green hornblende, pleochroic in pale blue and 
green, forms irregular xenomorphic groups. Light-brown titanite is 
very abundant, both as small wedge-shaped crystals and as large, 
irregular grains. Many of the latter have a core or several cores of 
ilmenite, indicating that the titanite is secondary after the ilmenite. 
There are large grains of epidote and many confused aggregates of 
epidote and zoisite. One of the epidote grains was found to have a 
small kernel of altered orthite. Additional accessory and secondary 
minerals are pyrite partially altered to iron oxide, and fine powder 
that is probably magnetite. 














A RECENT ROCKSLIDE NEAR DURANGO, 
IN LA PLATA COUNTY, COLORADO! 
JOHN W. VANDERWILT 
U.S. Geological Survey 
Golden, Colorado 


ABSTRACT 
\trary to the somewhat sensational accounts in the public press, the rockslide on 
Carbon Mountain does not exhibit any unusual features. The slide involves the lower 
100-125 feet of the Fruitland formation, of Upper Cretaceous age, which consists largely 
of shale and lies immediately above the Pictured Cliffs sandstone. The mass involved 


is it 1,800 feet long, 600 feet wide, and 100 feet deep and has moved about 700 feet 
obliquely down the back slope of a hogback of Pictured Cliffs sandstone, which dips 
about 21° SE. The slope along the direction of the major movement has a gradient of 
only 40 per cent. The mass moved slowly, the maximum recorded rate being about 
30-45 feet a day. 


INTRODUCTION 

In December, 1932, masses of rock, accompanied by clouds of 
dust, were seen to fall down the steep side of Carbon Mountain 
about 3 miles south of Durango, Colorado. An examination showed 
that a fracture several hundred feet long had formed along a steep 
slope of shale just below a high point of a ridge of sandstone. The dis- 
turbance developed into an interesting landslide that has received 
much attention in newspapers. Some of the published accounts and 
explanations of the phenomenon are contradictory as well as exag- 
gerated. Continual use of the term ‘‘moving mountain” has been 
made, whereas the relation of the landslide to the mountain, both 
in size and in depth, is comparable to a few shingles sliding from the 
roof of a building. Several references to subterranean fire, sulfur 
fumes, smoke, upheavals, disintegration of the mountain, explosions, 
and other unusual phenomena have been made. These numerous sug- 
gestions have only tended to confuse rather than to clarify the facts. 

The area involved is not of unusual size, nor is the distance over 
which the mass moved great compared with that covered by many 
of the landslides in the San Juan Mountains and other regions where 
slopes are steep. The initiation and subsequent movement of a 
landslide, however, is seldom observed. Since the landslide near 

‘ Published by permission of the Director, U.S. Geological Survey. 
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Durango has been observed almost from its beginning, it is of es- 
pecial interest.” 

The landslide on Carbon Mountain is of a class technically called 
a “rockslide,” since the block of rock slid as a mass. Before con- 
sidering the nature and cause of the movement, a brief review of the 
geologic environment is necessary. 

GENERAL GEOLOGY, TOPOGRAPHY, AND STRUCTURE 

At Durango and immediately to the south the rock formations 
that crop out along the Animas River are alternating shales and 
sandstones of Upper Cretaceous and later (?) age. These formations 


consist of the following: 


Thickness in 
eet 
McDermott formation (Upper Cretaceous?) 200 + 
Kirtland formation with a sandstone member 
in central part.. 600 
Fruitland shale with thin sandstones 400 
* Pictured Cliffs sandstone 200 
Lewis shale 1,600 
Mesaverde group of sandstones I ,O00 
Mancos shale 1,800 


Dakota sandstone 


Paleozoic quartzites, limestones, dolomites, and red conglomerate 
underlie the Cretaceous beds and come to the surface several miles 
north of Durango. Tertiary formations overlie the Cretaceous for 
many miles to the south. Neither Paleozoic nor Tertiary formations 
are involved in the rockslide. 

The Cretaceous sandstones and shales in the vicinity dip about 
20 SE. Stream erosion has carved out a series of roughly parallel 
hogbacks or ridges several hundred feet high, capped by sandstone 
and underlain by shale. The Animas River, flowing south, has cut a 
valley about 1,000 feet deep across the hogbacks. The valley of the 
river is relatively narrow with steep slopes where it crosses sand 

2 The writer wishes to thank those citizens of Durango who freely co-operated in 
assembling the information on the landslide. Special appreciation is hereby expressed 
to Mr. William H. Aitken for his help and in particular for having measured the rate 
and distance of movement. But for his interest these data would not be available 

3 J. B. Reeside, Jr., ““Upper Cretaceous and Tertiary Formations of the Western 
Part of the San Juan Basin, Colorado and New Mexico,” U.S. Geol. Surv. Prof. Paper 
134 (1924). P 
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stone beds, and wide with gentle slopes where it crosses the shale 
formations. The Mesaverde group of sandstones form a prominent 
ridge, locally known as Smelter Mountain, at and just south of 
Durango. The Pictured Cliffs sandstone and the sandstone member 
of the Kirkland formation form two ridges, Carbon Mountain and 
Parker Mountain, relatively close together, 3 miles south of Duran- 
go. The rockslide occurred between these two sandstones in a steep, 
short gully tributary to the Animas River. It involves the lower 
100-125 feet of the Fruitland formation directly overlying the Pic- 
tured Cliffs sandstone on Carbon Mountain. Figure 1 shows the 
rockslide and its relations to topography, structure, and stratigraphy. 

(he Fruitland formation is predominantly shale with numerous 


thin sandstone layers and a few coaly zones. The portion found on 
Thickness in 
Feet 
Brown fine-grained sandstone 6-10 
Coal zone; much black shale 10 
Gray to black clay shale 20 
Gray sandstone. 5 
Buff to red sandy clay shale 30 
Red sandy clay shale 6 
Red and clayey sandstone II 
Coal horizon; much black shale 23 


Carbon Mountain and involved in the rockslide consists of the beds 
listed. Both coal horizons and the upper bed of sandstone are con- 
tinuous. The intervening beds are not well exposed, but as a unit 
appear to be uniform in thickness. All the clay shale weathers very 
readily to clay—a fact that is of importance in the present connec- 
tion and will be referred to again. The upper part of the Fruitland 
formation, estimated to be 300 feet thick, has been eroded from the 
crest of Carbon Mountain. It crops out, however, to the south and 
consists of gray shale with numerous thin beds of sandstone, but 
coaly zones were not observed in the shale. These shales are thin- 
bedded, are moderately well-indurated, and do not disintegrate to 
clay as readily as the clay shales of the lower part of the formation. 


DESCRIPTION OF ROCKSLIDE 


The exact date of the beginning of the movement is not known. 
Broken rock spilling down the front of the hogback of Pictured Cliffs 
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sandstone was first noted in the latter part of December, 1932. The 
crack that was subsequently discovered was several hundred feet 
long and several feet wide. There is a suggestion that it may have 
started as early as June, 1932, when an explosion of an unknown 
source was heard,‘ the shock of which was felt in the vicinity of Du- 
rango. The ignition of one of several powder magazines in the area 
was suspected, but an examination found them intact, and the cause 
of the shock has remained unexplained. The initiation of a fracture 
several hundred feet long across the capping sandstone bed 6-10 
feet thick could take place with explosive violence and could rea- 
sonably account for the explosion heard. 

lhe fracture was formed on the east slope of Carbon Mountain 
200-300 feet below its top and extended about S. 65° E. down the 
back slope of the hogback toward the gully below. When first seen 
it was several feet wide immediately under the crest of the mountain 
and pinched out down the slope. It slowly increased in width from 
day to day while the loosened mass or block moved at right angles 
to the break, pushing many tons of rock over the edge of the hog- 
back to form the talus slopes below (Fig. 1). After several days, 
probably as soon as it had broken entirely free, the block began to 
move parallel to the fracture. This new direction of movement 
caused the upper part of the mass to pull away from the edge of the 
hogback, and the fall of talus material virtually ceased. The volume 
of talus is small compared to that of the main rockslide. The move- 
ment, but for tumbling of boulders, was slow and gradual. The 
displacement was noticeable only by making observations over sev- 
eral hours. William H. Aitken recorded a maximum movement of 
30-35 feet a day, which lasted nearly a week and which has been re- 
ferred to as the major movement of the rockslide. For a long time 
the displacement could be detected only by observations made from 
week to week, which showed, however, that fairly continuous sliding 
of the mass was taking place. In June, 1933, movements were noted 
on the slide area, but it could not be determined whether they were 
due to the mass moving as a whole or merely to settling of the soil. 

At the time of the major movement cracks were seen to open and 
close slowly on the surface of the sliding mass, and a few trees were 


‘ Verbal communication from Myron Bates, Durango, Colo. 
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overturned. The movement was also accompanied by rumbling, 
crunching sounds, and the formation of clouds of dust, all of which 
produced a weird effect. Several times there were sharp explosive 
sounds that were heard as far away as Durango and were interpreted 
by some as actual explosions, possibly of gas escaping from the coal 
beds. The sharp sounds, however, marked the rupture of the larger 
slabs of the sandstone. 

The slide exposed the footwall of the original fracture in a con- 
tinuous and fairly straight escarpment over 1,000 feet long with a 
slope length of fully 200 feet. The surface of the rockslide rotated 
somewhat on an axis parallel to the direction of the major movement 
and formed a sharp, continuous, V-shaped trough along the escarp- 
ment (Fig. 2). Subsequently material has broken loose in some 
places from the upper part of the escarpment, destroying its original 
contour and partly filling the V-shaped trough. Through this action 
the escarpment, which was originally 200 feet below the top oi 
Carbon Mountain, is now but 20 feet from the top. Cracks above 
the escarpment, seen in June, 1933, indicated that slumping was 
still active. At its lower end the original footwall of the fracture is 
locally still intact, has a dip of 55°-60°, and is characterized by a 
well-striated, clay-gouge surface. The striations are approximately 
parallel to the surface of the rockslide. Where the footwall has 
slumped, there are no striated surfaces and the slope ranges in 
steepness from 30° to 40°. 

The upper part of the mass moved about 700 feet parallel to the 
fracture and at its outer edge about 300 feet at right angles away 
from the fracture. In one place at the head of the slide the black, 
clay surface of gouge on which the slip occurred is exposed. The 
gouge contains fragments of coal and is a part of the coal zone that 
occurs on top of the Pictured Cliffs sandstone. The sandstone does 
not appear to have been involved in the movement except as a means 
to determine the slope of the slip surface. The surface is striated 
and dips 21° SE. The trend of the striations is at an angle of 40° to 
the direction of dip, making the pitch of the slip surface 15°, or 
about a 4o per cent grade. The slope of the original surface is not 
known, but that back of the escarpment ranges from 40° near the 
bottom of the gully to 25° and 30° farther up the slope. 
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The bed of sandstone that formed the original surface has been 
broken into blocks 5—10 feet across. These blocks have in part re- 
tained their original relative position, although they have been sep- 
arated several feet. Probably more than half of the numerous juni- 
per and pifion trees have remained upright except along the outer 
margin of the slide, where numerous trees were overturned as well 
as buried. The characteristic hummocky surface almost invariably 
found on landslides has been developed (See Fig. 2). At the upper 
part the knolls form low rough ridges parallel to the margin of the 
slide. The lower end, where material piled up in the gully is locally 
called “the dam,” and distinct crescentic ridges have been devel- 
oped parallel to the front of the mass. 

The size of the mass that moved is about 1,800 by 600 by too feet. 
The original width of the strip loosened by the fracture was probably 
less than the present width, for the mass spread and flattened out 
as it moved. Landslide areas by the hundred have been observed in 
the San Juan Mountains, and many of them measure several square 
miles. To term the landslide on Carbon Mountain small is therefore 
not being unduly conservative. 


CAUSE OF THE ROCKSLIDE 

Many references have been made in the newspapers to explosions, 
sulfur fumes, and smoke as evidence of fire. Fire itself has been re- 
ported only once. Caving of old coal mines often has been suggest- 
ed. A special statement is desirable concerning these references, be- 
cause, as they seem reasonable, they have caused much confusion. 
The explosive sounds already have been explained as due to fractur- 
ing of sandstone. The sulfur fumes alone cannot be considered evi- 
dence of fire, for they would be formed by the crushing of the coal 
which contains pyrite. All local observers agree that dust clouds 
were common during the movement of the rockslide. Some observers 
are positive that the dust was accompanied by smoke; others were 
equally positive that smoke was never present. None of those ques- 
tioned claimed to have seen fire, and the report that it had been ob- 
served is evidently a misstatement. Evidence of fumes, heat, or 
smoke was not found by the writer, and although numerous expo- 
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sures of the coal zones were examined, none showed any sign of hav- 
ing burned. An old prospect tunnel at the foot of Parker Mountain 
marks the failure of the only attempt ever made to mine coal in the 
immediate vicinity, a failure which has been attributed to the bad 
gases. The old tunnel is still open, and a small stream of water that 
smells strongly of sulfur issues from it. There is no evidence that 
coal is now burning nor that it ever has burned underground in the 
tunnel. Local observers referred the writer to red and brown-yellow 
shale as evidence of heat. This is a misconception commonly held 
by laymen and even by some experienced prospectors. Although 
red is admittedly a characteristic color of some burned waste dumps 
of coal and shale, it is equally characteristic of rocks containing iron 
that have undergone surface weathering. The yellow and brown 
colors, also locally common in and near the coal beds and probably 
formed by the weathering of pyrite, are easily destroyed by intense 
heat, and therefore supply direct evidence against fire in recent time. 

Other explanations to account for the rockslide have cited the 
possibility of renewed movement along an old fault and of other 
deep-seated forces. A careful study was made with these explana- 
tions in mind, but no evidence could be found to support them. 
The striated slip surface parallel to the underlying bed of Pictured 
Cliffs sandstone proves that the movement was surficial. The writer 
believes that the rockslide resulted, as almost all landslides do, from 
the pull of gravity on weak formations lying on a relatively steep 
slope. 

[Initiation of the movement was probably due to an excess of surface 
water seeping into the clay shale. This was suggested by H. W. C. 
Prommel and W. S. Burbank® when the rockslide was first reported. 
Clay shale when dry offers considerable resistance to the pull of 
gravity on a slope, but when thoroughly wet it offers much less re- 
sistance. Springs, which issue from the coal zone immediately above 
the Pictured Cliffs sandstone where crossed by the road at the foot 
of Carbon Mountain, show that this is a water-bearing zone. During 
seasons of normal precipitation the higher parts of this zone, owing 

Mining engineer, Denver, Colo. 
° Geologist, U.S. Geol. Surv., Golden, Colo. 
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to excellent drainage, remain relatively dry; however, an unusually 
large amount of snow fell during the winter preceding the rockslide, 
and the melting snow may account for an excess of water sufficient 
to soak the clay shale of the coal zone on the higher slopes and thus 
to initiate movement. 

To summarize briefly the factors that caused the rockslide we 
have: first, steep erosion slopes in shale partly protected by beds of 
sandstone; and, second, failure of the formation due to the pull of 
gravity. Softening of the shale by infiltration of water hastened the 
action, which otherwise might have been delayed for several seasons. 


FUTURE MOVEMENT 

Regarding the future movements that may be expected relatively 
little can be predicted. It will be interesting to observe just how 
long the main mass of the landslide will continue to settle down the 
slope. Material will probably continue to break loose for some time 
from the upper part of the escarpment left by the slide, and as this 
material accumulates on top of the main mass it may eventually 
cause further movement. Movement would also be encouraged 
should unduly heavy rainfall or cloudbursts occur to soften the brok 
en shale. 

The gully into which the landslide moved and down which it must 
travel, if movement continues, drains directly into the Animas 
River. The question has been raised whether the rockslide will 
eventually reach and dam the river. The distance from the lowest 
extremity of the slide area to the river is about 1,000 feet. The 
slope that caused the rockslide to move at a maximum rate of 30-35 
feet a day has a gradient of about 40 feet in 100 feet. The gradient 
of the upper part of the gully down which the landslide must travel 
is a slightly steeper slope or about 50 feet in too feet. The sharp V- 
shaped form of the gully, however, will offer more resistance to the 
advance of the rockslide than the flat surface on which movement 
has occurred. Probably of equal importance is the fact that the 
gradient of the gully flattens after 400 feet to about 123 feet in 100 
feet. In addition, the rockslide must make two sharp turns before 
it can reach the Animas River, and each turn will also tend to impede 
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the advance of the slide. Under ordinary conditions, therefore, it 
does not seem likely that the rockslide will reach the river. With the 
addition of sufficient water to convert all or a part of the mass to 
mud, considerable material might flow as far as the river, but the 

yrmal rainfall in the area is such that this is not to be expected. 
Finally, should a mud flow ever reach the river, it would be too 
small to effect a permanent damming of the stream. 











NOTE ON CAMBRIAN FOSSILS NEAR LIBBY, 
NORTHWESTERN MONTANA 
HOYT RODNEY GALE 
Los Angeles, California 
ABSTRACT 

A new Middle Cambrian fossil locality has been discovered southeast of Libby 
Montana, in a soft shale believed to be the equivalent of the Gordon, Spence, and 
Wolsey shales of adjacent regions. The fossils are well preserved and easily worked 
The occurrence throws new light on Middle Cambrian paleogeography. 

In the vast area of northwestern Montana, occupied chiefly by th¢ 
much indurated green, lavender, and gray argillites of the Algonkian 
Belt series, there are a very few small infolded masses of Paleozoi: 
rocks. One of these masses, which is exposed in Swamp Creek south 
east of Libby, was hurriedly visited by F. C. Calkins and W. C. 
MacDonald in 1905 and was briefly described by them.’ They noted 
near the valley bottom a heavy stratum of gray limestone containing 
forms that suggested worm borings and nearby some gray and red 
shales with thin bands of pink limestone containing imperfect mol 
luscan fossils which Dr. G. H. Girty’? thought had an Ordovician 
aspect. With the exception of these questionably identifiable re 
mains, no other fossils have been reported hitherto from Lincoln 
County. 

LOCATION OF FOSSILS 

The fossils occur in a fresh cut made for a logging railroad, con 
structed in the summer of 1932. This railroad crosses the main high- 
way in Swamp Creek and going southward gradually ascends the 
steep eastern slope of the valley. The fossils are in soft sandy shale 
near the northeast corner of the SE.3, NE.4 of Sec. 15, T. 28 N., 
R. 30 W. A little less than a quarter of a mile south, the east quarter 
corner of Sec. 15 can be found below the railroad grade and not far 
from the seventeenth mile marker on the highway from Libby. 

The writer was not able to linger at the spot and could make only 
a hurried collection and hastily attempt to determine the strati 


«F.C. Calkins, ‘‘A Geological Reconnaissance in Northern Idaho and Northwestern 
Montana,” U.S. Geol. Surv., Bull. 384 (1909), pp. 43, 82-83. 


2 Ibid., p. 43. 
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graphic relations. This particular exposure, and perhaps others 
along the same railroad, should be of considerable interest to paleon- 
tologists. The fossils are in good preservation, are easily worked, 
and justify further investigation and more extensive collecting. 

About 20 or 30 feet of shale are exposed in the immediate vicinity 
along the railroad grade. The softness of the shale is in striking con- 
trast to the hardness of the other formations of the district and ac- 
counts for its not having been seen before. There are, however, a 
few irregular calcareous stringers up to an inch or two in thickness, 
which are harder. The shale is crumpled and irregular in attitude, 
but its general strike is about N. 25° W., and it dips into the bank at 
about 40° E. Below it lie heavy beds of gray limestone with a similar 
attitude, though a considerable interval between the two formations 
is concealed. Above are a few feet of soft sandstone, almost loose 
sand, and another concealed interval, which, however, must be very 
narrow, for the outcrops of the next formation occur almost in line 
of strike with it. Extending from this point to the top of the ridge is 
a succession of hard, greenish-gray, gray, and lavender argillites 
which apparently have the same attitude at the base, but on the 
top of the ridge, north of the center of Sec. 14, dip nearly vertically. 

According to these brief observations, it seems likely that the 
argillites are part of the Algonkian Belt series and that the section is 
overturned. Possibly the argillites are overthrust, but the apparent 
conformity of the formations seems to indicate that what movement 
there may have been along the contact is merely local slipping on the 
weak underlying beds. If this is so, the soft sandstone and fossilif- 
erous sandy shale represent practically the base of the Paleozoic at 
this locality, and the fossils themselves bear out this hypothesis 
rather than the alternative that the section is normal and the lime- 
stones older. The softness of the shale and sandstone is probably due 
to the abnormal relative position of the beds: all the Paleozoic lime- 
stone below and no readily available source of calcium carbonate 
above to supply cementing material. 

IDENTIFICATION OF FOSSILS 

[he following fossils have been identified in the collection. Dr. 
Percy E. Raymond has kindly corrected and made additions to the 
writer’s original list. 
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(1) Dolichometopus bion Walcott.s—This species was described by 
Walcott from the Spence shale member of the Ute formation, about 
50 feet above the Brigham quartzite, west of Montpelier, Idaho, and 
its age is Middle Cambrian. It is very similar to D. productus (Hall 
and Whitefield) ,* which is Middle Cambrian in Utah, Nevada, and 
Arizona. It is especially like the specimen from the Bright Angel 
shale in the Grand Canyon of the Colorado illustrated in Walcott’s 
Figure 4a. The species is represented in the collection by a cranid- 
ium, the interior of which is exposed, and the shell itself is preserved, 
and by the interior of a pygidium. There is also a specimen, which 
probably belongs to this species, showing three of the thoracic seg 
ments, and a smaller specimen of a cranidium with associated free 
cheeks, which may or may not belong to it. D. belesis (Walcott)> di 
scribed from a Middle Cambrian shale in Powell County, Montana, is 
very similar; but, as pointed out by Dr. Raymond, the specimens in 
the collection lack rings on the axial lobe of the pygidium and have 
even less trace of glabellar furrows. It is possible that a species may 
vary in the features noted and that D. belesis and D. bion are merely 
variants of the same Middle Cambrian species. 

(2) Ptychoparia charax Walcott.°—This species was described from 
the same shale in Powell County, Montana, from which D. belesis 
was obtained. There are several specimens of cranidia in the colle: 
tion. 

(3) Zacanthoides cnopus Walcott.’—This species was described 
from the same locality as the preceding species. The specimen in the 
collection is almost exactly like Walcott’s Figure ro. Dr. Raymond, 
however, remarks that it might just as likely be Z. idahoensis Wal 
cott,® or a new species, for the first pair of glabellar furrows appear to 
be absent. Z. idahoensis, like D. bion, was described from the lower 
part of the Spence shale, Middle Cambrian in Idaho. 

3 Smithsonian Misc. Coll., Vol. LXIV (September 29, 1916), No. 5 (Publ. No. 24: 

p. 363, Pl. 52, Figs. 2, 2a-c. 
‘Cf. Walcott, zbid., p. 369, Pl. 53, Figs. 2, 2a—-e, 3, 3a—b, 4, 4a 
Ibid., p. 338, Pl. 50, Figs. 1, 14-7 


6 Tbid., Vol. LX VII (May 9, 1917), No. 2 (Publ. No. 2445), p. 31, Pl. 6, Fig. 1. 


Ibid., p. 43, Pl. 6, Figs. 10, 10a 
§ Jbid., Vol. LIII (April 25, 1908), No. 2 (Publ. No. 1805), p. 26, Pl. 3, Figs. 1 
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4) Pagetia clytia Walcott.’—This species is known from the same 
localities as D. bion and Z. idahoensis. 

5) ?Karlia stephenensis Walcott, 1889."°—This species is known 
only from the Stephen formation on the northwest slope of Mount 
Stephen, British Columbia. It also is of Middle Cambrian age. It is 
represented questionably in the collection by a very young indi- 
vidual. 

6) Agnostus, sp. indet. 

7) Hyolithes, sp. indet.—Hyolithes is common in the collection 
and there were originally several good specimens, but they fell to 
pieces very easily. A strong groove down the middle of one side is 
found on some large specimens. The surface is otherwise smooth. 
One flattened specimen is about 3 inches long and 1 inch across at the 
base. Dr. Raymond thinks some of the smaller specimens might be 
H. cecrops Walcott, which also comes from the Middle Cambrian of 
British Columbia. 

8) Wimanella simplex Walcott.*—This species, like D. belesis, P. 
charax, and Z. cnopus was described from the Middle Cambrian of 
Powell County. The specimen in the collection is almost exactly 
like Walcott’s Figure 2a. 

9) A brachiopod, included in the collection, is probably one of the 
following: Eoorthis desmopleura (Meek); E. remnicha (N. H. Win- 
chell);* E. wichitaensis (Walcott);* Billingsella plicatella (Wal- 
cott);'° B. striata (Walcott) ;" or B. coloradoensis (Shumard).* Most 
of these forms, which are very variable, range from the Middle Cam- 
brian to the Lower Ordovician and are widely distributed. They 
are hardly to be distinguished with any confidence, and it is even pos- 
sible that they may belong to only one, very variable species. Even 

Ibid., Vol. LXIV (September 29, 1916), No. 5 (Publ. No. 2420), p. 408, Pl. 67, 
Figs. 2, 2a-e. 

Ibid. (January 14, 1916), No. 3 (Publ. No. 2370), p. 224, Pl. 36, Fig. 8 

Ibid., Vol. LX VII (May 9, 1917), No. 2 (Publ. No. 2445), p. 27, Pl. 5, Figs. 3, 3a-c. 
U.S. Geol. Surv. Mono. LI (1912), p. 748, Pl. 89, Figs. 2, 2a-e. 

Cf. Walcott, ibid., p. 777, Pl. 96, Figs. 1, 1a-r. 

Cf. Walcott, ibid., p. 786, Pl. 91, Figs. 1, 1a—s. 

Ibid., p. 790, Pl. 94, Figs. 1, 1a—-0 

Ibid., p. 759, Pl. 86, Figs. 3, 3a—-n. 17 Thid., p. 764, Pl. 86, Figs. 4, 4a-c. 

Cf. Walcott, zbid., p. 751, Pl. 85, Figs. 1, 1a-z. 
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Wimanella simplex might be an extreme variety, for it has faint 
radial lines on it. There are in the collection several specimens, some 
perhaps most like s/riata, though the ribs show more differentiation. 
The ribs are finer than on Plicatella. Walcott’s Figures 1 and yj of 
wichitaensis resemble these specimens closely. 

(10) Lingulella cf. desiderata (Walcott) ."’—This species also ranges 
from Middle Cambrian to Lower Ordovician. There are in the col- 
lection two incomplete specimens, both of low convexity which is 
perhaps due to flattening. The form is almost characterless, and it 
is not possible to distinguish it from L. manticula (White),” or 
Obolus rotundatus (Walcott).”' 

Dr. Raymond states that the fauna is undoubtedly Middle Cam- 
brian. 

CORRELATION OF FAUNA 

The resemblance of this fauna to Walcott’s Powell County fauna, 
as well as to the fauna of the lower part of the Spence shale member 
of the Ute formation in Idaho, is striking and probably significant 
enough to warrant correlation. The reliability of the correlation is 
strengthened by the apparent similarity of the stratigraphic rela- 
tions in the three localities. 

The Powell County locality is less than a hundred miles away and 
is perhaps the nearest of the known fossil localities. The fossils 
there came from a shale which Walcott called the Gordon formation, 
on Gordon Creek, 6 miles from the south fork of Flathead River, 
Orvando quadrangle, Powell County, Montana.” This shale he cor- 
related with shale No. 6 of his Dearborn River section.** Walcott 
originally thought the fauna might be of Lower Cambrian age, but 
he later agreed that it is more likely to be Middle Cambrian. It has 
a very different appearance from that of the Lower Cambrian faunas 
of British Columbia. 

Furthermore, it seems likely that the record of Paleozoic deposi 
tion in this region, as in other parts of Montana and Wyoming, be- 

199 U.S. Geol. Surv. Mono. XX XII (1899), Pl. 60, Fig. 2a; Mono. LI (1912), p. 492, 
Pl. 20, Figs. 4, 4a-c, 5, 5a-. 

2 Cf. Walcott, ibid., p. 517, Pl. 20, Figs. 1, 1a—c. 

1 Tbid., p. 411, Pl. 20, Figs. 2, 2a-e. 

22 Thid., Vol. LX VII (1917), No. 2, pp. 16-18. 

23 Tbid., Vol. LIII (1909), No. 5, p. 202. 
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gins with the Middle Cambrian. The trilobites, which are the most 
valuable parts of the fauna for correlating, are known only from 
these three places and similar horizons elsewhere. 

Walcott also calls attention to the analogous position of this 
fauna to that of the Middle Cambrian Wolsey shale in the Little 
Belt Mountains of central Montana.” 

CONCLUSION 

It seems safe to conclude, therefore, that the shale from which the 
Lincoln County fossils came represents the Middle Cambrian Gor- 
don formation. The Spence and Wolsey shales are likely, too, to be 
at least in part equivalents. The discovery of this new Middle Cam- 
brian locality so far from all previously known localities is of special 
significance because it casts doubt on the supposed Middle Cam- 
brian island in northwestern Montana and suggests that the whole 
region was covered uniformly by the Middle Cambrian sea. 


1 


W. H. Weed, U.S. Geol. Surv. 20th Annual Rept. (1900), Part 3, pp. 271-461, 


/ 


pecially p. 285. 




















SOME DIKE ROCKS FROM MOUNT JOHNSON, 
QUEBEC 
F. FITZ OSBORNE anp N. L. WILSON 
McGill University, Montreal 
ABSTRACT 


Mount Johnson, unlike most of the Monteregian Hills, shows few dikes, but those 
found are of considerable interest. A tinguaite porphyry, a dike rock rich in magnetite 
and ilmenite, and one rich in alkaline amphibole occupy radial joints that traverse thi 
plutonic core of the mountain. Dikes of camptonite occupy in-dipping joints. In places 
the camptonite has been chilled to a glass which is believed to be a sample of the magma 
of the non-porphyritic camptonites of the Monteregian province. 


INTRODUCTION 


Mount Johnson, which is 25 miles southeast of Montreal, is 
the smallest of the eight post-Devonian, alkaline, intrusive bodies 
which form the cores of the Monteregian Hills. The enclosing Lower 
Paleozoic sedimentary rocks as well as the plutonic cores of most of 
the hills are cut by many dikés of alkaline rocks. Mount Johnson is 
noteworthy for the scarcity of dikes, but a re-study of it has shown 
several types of dikes of interest: one is camptonite glass, another is a 
tinguaite porphyry, the third is composed principally of the iron 
ore minerals, and the fourth has a large amount of alkaline amphi 
bole. 

STRUCTURAL RELATIONSHIPS OF THE DIKES 

Mount Johnson, or Monnoir, as it was formerly called, early at 
tracted the attention of geologists. T. Sterry Hunt, first chemist of 
the Geological Survey of Canada, analyzed some rock-forming min 
erals from there. The composition and structure of the mountain are 
best known from the work of Frank D. Adams." 

Mount Johnson is made of plutonic rocks which crop out over an 
elliptical area of about } square mile. The rocks are of five kinds ar 
ranged in concentric bands. The core is composed of olivine essexite, 
and is surrounded by an olivine-free essexite, which is known as 

*F. D. Adams, “The Monteregian Hills, A Canadian Petrographical Province,” 
Jour. Geol., Vol. XI (1903), pp. 239-82. Reprinted Can. Rec. Sci. Vol. IX (1905), 
pp. 198-245. International Geological Congress XII, Guide Book 3 (1913), pp. 29-80 


180 

















































181 





SOME DIKE ROCKS FROM QUEBEC 


‘“Brodies’ Ebony” in the monument stone trade. This, in turn, is 
surrounded by an annulus of essexite known as “‘Canadian Quincy” 
from its resemblance to the granite of Quincy, Massachusetts. The 
next band is monnoirite.? The outermost ring is composed of pul- 
askite and is in contact with the hornfels formed from the Lorraine 
shales. The olivine essexite and the pulaskite both show a marked 
alinement of the inequidimensional minerals in a vertical direction. 
The rocks of the other three bands show a banding parallel to the 
outcrop of the annuli as well as the vertical alinement. 

The few dikes that have been found follow joints. If the sheet 
joints, which are probably the result of weathering, are excluded, four 
principal sets of joints may be distinguished. Vertical radial joints 
extend as the spokes of a wheel from a “hub” near the center of the 
mountain. All the dikes with the exception of the camptonites follow 
these joints. A set of horizontal and a set of vertical tangential 
joints are also found, but no dikes have been found in them. 

The fourth set of joints, which is developed in the monnoirite, the 
‘Canadian Quincy,” and “Brodies’ Ebony,” is inclined. The strike of 
the joints is parallel to the elliptical outlines of the bands of rocks 
composing the mountain, and they dip toward the core of the moun- 
tain at about 45°. A complete joint of this set would be an inverted 
cone whose axis would coincide with the vertical axis of the intrusive. 
If the rock at the core tended to move upward with respect to that 
at the margin (or if the outer ring tended to move down), such an in- 
dipping curving joint would result. The camptonite dikes were in- 
truded along some of the joints of this system. The attitude of the 
joints is similar to that of the joints along which cone sheets of the 
Tertiary volcanic centers of Great Britain were intruded. 


MAGNETITE AND ILMENITE-RICH DIKE 
This dike follows a radial joint near the inner edge of the mon- 
noirite on the south side of the mountain. It is found on a nearly 
vertical face and the traces of the tangential, horizontal, and inclined 
joint directions may be seen on the exposed weathered surface. The 
2 “Monnoirite” is a new name given to the coarsely porphyritic rock of the “transi- 


tion zone”’ and is derived from the old name for the mountain. Chemical analyses and 
a complete description of the rock will be published later. 
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pattern of the markings is shown as Figure 1. The dike is only ¢ inch 
wide, but the very dark color attracts attention to it at once. The 
rock has an average grain of about .1 millimeter and a marked fluid- 
al arrangement of the constituents parallel to the walls of the dike is 
apparent. A thin section shows by area 50 per cent opaque minerals, 
30 per cent apatite, and 20 per cent ferriferous augite. One grain of 
alkaline amphibole appears to have formed about the pyroxene. The 
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CENTER OF MOUNTAIN 
A B 
Fic. 1.—A. Radial vertical section on the magnetite-ilmenite-rich dike showing the 


traces of the vertical-tangential, the horizontal, and the inclined joints. 

B. Ellipse showing how a circle may be deformed by the tendency for the rock to- 
ward the center to move up relative to that on the outside. The direction of the inclined 
tension joints is shown. The ellipse has a greater area than the circle to make the circu- 
lar sections of the strain ellipsoid coincide with the horizontal and vertical joints. Such 
a relationship is hypothetical. 


apatite has idiomorphic outlines and many minute inclusions near 
the cores of the crystals. The iron-ore minerals have a sideronitic 
texture and are molded on both the pyroxene and apatite. The min- 
eralographic microscope shows that the opaque minerals are ilmenite 
and magnetite containing rods of ilmenite. 

The origin of this dike is uncertain. The most probable hypothesis 
is that the material is the result of secretion differentiation from the 
monnoirite, but the opaque minerals of the monnoirite appear not to 
be of late crystallization. Some mafic-rich clots, certainly inclusions, 
within the monnoirite are richer in ore minerals and apatite than the 
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main body of the rock. The dike probably has the same origin as 
some of the magnetite-ilmenite bodies in sub-alkaline gabbros for 
which no satisfactory explanation’ has been offered. 

The amphibole-rich dike also occupies a radial joint near the dike 
last described. This dike is only inch wide and consists of about 50 
per cent alkaline amphibole in lathes showing a parallel fluidal ar- 
rangement in a matrix of zoned plagioclase. The most calcic zone 
measured is An 55. The dike could be most easily explained as the 
result of secretion differentiation from the surrounding monnoirite, 
but for the fact that the plagioclase of the two rocks has practi- 
cally the same calcity. It is possible, however, that the calcity of the 
plagioclase in the dike may be connected with the high content of an 
amphibole, which is rich in soda and alumina. 


TINGUAITE PORPHYRY 

The tinguaite porphyry is a dike about 1 foot wide in a radial joint 
near the contact between the monnoirite and pulaskite on the south 
side of the mountain. The dike could not be traced into the essexite. 

The rock is porphyritic in hand specimens, but the phenocrysts are 
less apparent in thin sections. The dark constituents do, however, 
show a marked tendency toward a parallel arrangement. The mafic 
minerals are amphibole and pyroxene. The amphibole is the peculiar 
brown, deeply-colored variety found in the camptonites, and essex- 
ites. Near the margins the brown variety grades into a green variety 
with low birefringence and optic-axial angle. This variety is the 
hastingsite found in the nephelite syenites. The very small crystals 
of amphibole are all of hastingsite. The pyroxene is a colorless augite 
near the cores of the crystals, but the margins and the small crystals 
are a green pleochroic aegirite-augite. There appears to have been no 
tendency for the amphiboles to have developed on the pyroxenes as 
might be expected if they were in a reaction relationship to one an- 
other. The feldspar of the groundmass is zoned but probably aver- 
ages oligoclase and is mixed with nephelite. 

This tinguaite (Analysis Table I) is probably intermediate in com- 

3F. F. Osborne, ‘Certain Magmatic Titaniferous Iron Ores and Their Origin,” 
Econ. Geol. Vol. XXIII (1928), pp. 757-60. 
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position between the essexite and nephelite syenite. A body of rock 

of the same mineralogical composition was found at Mount Royal 

and is believed to be derived from the alkaline gabbro by filtration 

differentiation. It is probable that the tinguaite at Mount Johnson 

was pressed off in the final stages of the crystallization of an essexite. 
CAMPTONITE GLASS 


The most interesting dike rock and the one of greatest petrological 
significance among those found at Mount Johnson is the glass of the 


TABLE I 
I II Ill IV 

SiO, 55.01 54.01 48.86 53-84 
TiO, 16 30 86 1.50 
Al,O, 23.20 23.42 22.2 19.68 
Fe,0, 05 59 4.07 2.64 
FeO 1.82 1.70 3.32 4.37 
MgO 79 16 1.09 2.06 
CaO 4.07 090 3.69 6.60 
Na,O 7.70 9.51 8.92 6.2 
KO 3.40 5.50 4.43 2.10 
H,0+ 
H.O— 1.76 2.46 2.05 0.25 
CO, 2 1.49 tr. 
P.O 63 15 ©. 36 

Total 100.60 100. 28 99.53 100. 36 
I. Tinguaite porphyry, Mount Johnson, Quebec, analyst N. L. Wilson 
If. Average composition of four Monteregian tinguaites 


III. Allochetite, Monzoni. Rosenbusch, Elemente, etc 1923), Pp. 312 
IV. Soda-rich monzonite, Mount Royal tunnel station 229+05, analyst M. F 


Connor with $03.26, Cl. .19, MnO.12, S.15 
composition of camptonite. Small camptonite dikes are found at 
several places on the mountain, and one may be traced as much as 
200 feet. The dikes of this composition are confined to the in-dipping 
tension joints and most of them are in the “Canadian Quincy”’ and 
“Brodies’ Ebony”’ bands. Some of the dikes are 18 inches wide and 
have the dark color and weather to the red surface characteristic of 
some of the non-porphyritic camptonites of the Monteregian prov- 
ince. Where the dikes become narrow, they grade into a grey apha- 
nitic rock that may have varioles as much as } inch in diameter. 
The grey rock grades into a black glass. The grey rock and some of 
the glass is vesicular. The vesicles are drawn out parallel to the 
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valls of the dike and are lined with a thin film of carbonate and anal- 
cite. 

The glass is black on a fresh surface, and in places shows a poorly 
defined flow-banding. The surface of the glass is less lustrous and the 
fracture is ‘‘flatter’” than that of typical obsidian. The hardness, 
which is 54, is also lower than that of typical tachylites and obsidian 
examined for comparison. The specific gravity is 2.677. 

Beneath the microscope the glass is olive green. The index of re- 
fraction is 1.573+3. Plagioclase is the earliest mineral to crystallize 


TABLE II 


I II III IV 
SiO, 46.19 45.10 42.78 45.20 
TiO, 1.30 I .07 3.19 68 
ALO, 17.61 18.30 14.44 17.12 
-e,0 2.83 2 5.98 
Fe, 3 3 9.06 2.94 5-9 
FeO 6.17 7.21 6.55 
MgO 3.67 7.2! 5.29 
CaO 8.38 11.24 7.89 
Na,O 5.72 3.32 4.23 
KO 2.48 1.80 2.31 
H,0+ 3.02 1.52 —— 
H,O0— fo) 54 o | 53 
PO; 1.28 0.46 | 
CO, 0.00 1.54 
Total 99.79 6 100.00 
I. Glassy camptonite, South side of Mount Johnson. Analyst N. L. Wilson 


II. Camptonite. Partial analysis of variolitic facies. Analyst N. L. Wilson. 
111. Average composition of six camptonites from Monteregian province 


IV. Camptonite from Portland Headlight, Portland, Maine, Washington's 
tables 


in the glass. Examination of a slice taken a short distance within the 
grey rock shows many crystals of plagioclase arranged with the o1o 
face parallel to the wall of the dike in a felted groundmass of smaller 
microlites and brownish glass. The feldspar crystals are as large as 
o.1 mm. by 0.06 mm. on o10 and 0.02 mm. thick. The larger crystals 
of plagioclase are a sodic bytownite (An 72). Despite the consider- 
able amount of feldspar that has crystallized at this stage, no nuclei 
of dark minerals are discernible. The rock also shows minute ovoids 
of uniaxial carbonate and some euhedral crystals of a similar mineral 
scattered through the groundmass. Carbonate is lacking in the glass 
taken for analysis. 
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It may be seen from the analyses of Table II that the rock is some- 
what more acidic than the typical camptonites of the Monteregian 
province, although certain analyses approach it very closely in com- 
position. The analyses used for the average are largely of the augite 
camptonites which are non-porphyritic or show only small pheno- 
crysts. The type with the large and numerous crystals of the alkaline 
hornblende has a considerably lower content of SiO, than the non- 
porphyritic varieties on account of the low silica (36-38 per cent) of 
the hornblende. 

The partial analysis of the variolitic facies is adequate to show 
that the glassy and the crystalline parts of the dike have the same 
composition. This is borne out by the field relationships. It seems 
probable that the glass is a quenched sample of the magma giving 
rise to the non-porphyritic camptonites. A. C. Waters‘ has described 
from near Corbaley Canyon apophyses extending outward from lam- 
prophyric dikes. He notes that the parent dikes are dark, and the 
apophyses are lighter. The gradation is similar to that found at 
Mount Johnson where the rocks of the dikes grade from the black of 
the camptonite through the grey rock to the black of the camptonite 
glass. Bowen,’ however, considers the apophyses described by Wa- 
ters filtration differentiates from the parent lamprophyres. Such an 
interpretation seems improbable for the aphanitic and glassy facies 
from Mount Johnson. 

A search among the numerous specimens of camptonites from the 
Monteregian Province in the petrographical collection of McGill for 
some showing aphanitic glassy selvages or other evidence of rapid 
chilling disclosed several specimens of variolitic dikes. A vesicular 
and variolitic dike cuts the Chazy limestone at Cartierville, 6 miles 
northwest of Mount Royal. A camptonite dike 2 inches wide from 
near Point St. Charles at the upper end of Montreal harbor shows in- 
teresting and instructive relationships. The margins of the dike have 
a very narrow coating of the black glass similar to that described 
here which passes inward into an aphanitic band about } inch wide 

4A. C. Waters, “Concerning the Differentiation of a Lamprophyric Magma at 
Corbaley Canyon, Washington,” Jour. Geol. Vol. XXXV (1927), p. 167. 

5.N. L. Bowen, The Evolution of Igneous Rocks (Princeton University Press, 1928), 


P. 155. 
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of dark non-porphyritic camptonite. Another chilled zone with 
phenocrysts separates this rock from an amygdaloidal and finely por- 
phyritic camptonite. The center } inch of the dike is apparently a 
separate injection of a coarsely porphyritic camptonite, for a narrow 
aphanitic band separates the coarsely porphyritic variety from the 
finer variety. 

It is believed that the non-porphyritic and some of the finely por- 
phyritic camptonites are derived from a magma of about their pres- 
ent bulk chemical composition. The camptonites characterized by 
the large and numerous crystals of alkaline hornblende are related 
to them as shown by their close association in time and place, but 
the exact genetic relationship is not clear. Perhaps where the chilling 
was less rapid than that at Mount Johnson the plagioclase would not 
separate first, but the hornblende might grow to a considerable size 
and be concentrated in a part of the magma. 














STYLOLITES IN SANDSTONE 
PAUL H. PRICE 
West Virginia Geological Survey! 
Morgantown, West Virginia 
ABSTRACT 


Recent observations have shown that stylolites or stylolitic structures are common 
in some siliceous rocks (Pottsville). In the present examples differential solution alone 
can account for their origin. 


INTRODUCTION 


Stylolites in carbonate rocks are common, but the presence of 
stylolitic structure in siliceous rocks is generally considered a rare 
phenomenon. The purpose of this paper is to call attention to two 
such occurrences. 

The present examples occur on loose fragments varying in size from 
a few inches in cross section up to large blocks many feet across. 
The fragments were so situated along talus slopes as to enable one 
to place definitely their geologic horizon. One specimen is from the 
Pottsville sandstone of Pennsylvania age near Morgantown, West 
Virginia. The other specimen, quartzitic in character, is from the 
White Medina sandstone of Silurian age, near Maysville, West Vir- 
ginia. Numerous examples of a similar nature were seen at both 
localities, although only one specimen from each locality was 
brought to the laboratory for study. 

The stylolitic effect is somewhat different in each specimen, neces- 
sitating separate descriptions. In each case, however, the rocks are 
nearly pure silica, the White Medina averaging 99 per cent silica 
and the Pottsville sandstone more than 97 per cent. The remainder 
is almost entirely iron and alumina and accounts for only a small 
part of the cementing material. 


STYLOLITES IN POTTSVILLE SANDSTONE 
In the specimen of Pottsville sandstone the stylolitic structure 
follows the bedding plane and presents in cross section the typical 
sutured effect, or possibly better resembles a seismogram, for the 
* Published by permission of the State Geologist. 
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columns present fairly sharp apices rather than the blunt ends often 
seen in limestone (Fig. 1). The columns average approximately 5 





Fic. 1.—Stylolite in cross section. Pottsville sandstone 





Fic. 2.—Plan view of stylolite surface. Pottsville sandstone 


millimeters in length and are fairly regular. To the unaided eye a 
striated or slickensided effect is apparent, although no residue other 
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than quartz remains. If the stylolite parting completely crosses 

the specimen, the bond is severed and the two blocks can be lifted 

apart readily. The surface exposed, both top and bottom, is very 

irregular, consisting of rugged high points and depressions (Fig. 2). 
STYLOLITES IN WHITE MEDINA SANDSTONE 

The White Medina sandstone specimen is different and more com- 
plex. There may be some question as to whether the structure ex- 
hibited in this specimen should be considered stylolitic, although it 
closely resembles this phenomenon. The rock itself is quartzitic in 
character, and made up of medium-sized, partially rounded quartz 
grains, with numerous flattened or discoidal, white, quartz pebbles 
scattered throughout. The cementing material is for the most part 
silica with a very small amount of iron, the latter being more or less 
concentrated along fractures and in the stylolitic structure. 

The structures may be placed in two groups, but in each case 
they are related to fractures rather than to the bedding which is not 
discernible. The first group (Fig. 3) differs from the usual occur- 
rence of stylolites in that the columns occur individually and are not 
connected. For the most part the columns are pyramidal, in some 
cases slightly constricted near the middle, and terminated in prac- 
tically every case with a quartz pebble. The height of these columns 
averages approximately 3 centimeters. The base of a column equals 
the diameter of the pebble, but there seems to be no definite rela- 
tionship between the width and the height of the columns. 

Those of the second group (Fig. 4) give the appearance of concre- 
tions or inclusions of different material, presenting a convex surface 
upward, but from the lower side sending projections of columns or 
wedges into the surrounding matrix to depths of 2-3 centimeters. 
The convex upper side is terminated by a fissure, whereas the pro- 
jections on the lower side terminate in the surrounding homogeneous 
rock. 

ORIGIN 

The origin of stylolites has been ably discussed by Stockdale? in 
America as well as by several European writers. The “solution theo- 
ry’ is now most generally accepted and will satisfactorily explain most 

2P. B. Stockdale, ‘‘Stylolites, Their Nature and Origin,” Ind. Univ. Stud., Vol. 1X 
(1922), pp. I-97. 
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cases of stylolitic structure in carbonate rocks. According to theory, 
stylolites are the result of differential chemical solution under pressure 








Fic. 3.—Stylolitic structure in quartzitic sandstone. Structure terminates at base 
by quartz pebble. White Medina (Tuscarora). 





Fic. 4.—Stylolitic structure in quartzitic sandstone. White Medina (Tuscarora) 


in hard rocks. The writer believes, however, that the structure in 
these sandstones has resulted from differential solution alone. 
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In the case of the first-described specimen from the Pottsville 
sandstone, no effect can be seen other than the absence of the ce- 
menting material which has been removed by differential solution 
along a bedding plane. Solution seems to have been complete be- 
cause no residue from the dissolved portion remains. The sutured 
effect or parting surfaces affords ready access to further solvent 
action. 

In the White Medina sandstone specimen the only observable 
difference between stylolite columns and the surrounding rock is the 
absence of cementing material (in this case silica) between the quartz 
grains, thus giving the columns a porous or open texture. In some 
cases, however, a thin coating of iron oxide is seen on the sand 
grains and along fissures in the rock. This appears to be epigenetic 
as it is absent from the grains outside the stylolitic columns. 

It seems, therefore, that in the cases at hand the stylolites or 
stylolite-like structures are the result of differential solution alone 
brought about by atmospheric waters with the possible aid of or- 


ganic acids. 














DOLOMITE DIKES IN THE TEXAS PERMIAN 
WILLIAM KRAMER 
Ballinger, Texas 
ABSTRACT 
his paper describes two dolomite dikes in the Clear Fork formation near Truscott , 
res 
INTRODUCTION 

The Merkel' dolomite, the top member of the Permian Clear 
Fork formation of north-central Texas, may be traced as a con- 
tinuous ledge-maker from northwestern Taylor County northward 

ra distance of 50 miles into northeastern Stonewall County. Along 
this entire length of outcrop abundant ripple-marked surfaces of 
ayers in the 2-foot stratum of white dolomite testify that the Merkel 

a deposit of dolomite grains. To the north of this continuous 
outcrop the horizon of the Merkel contains thin, apparently dis- 
continuous dolomite beds having many ripple-marked surfaces. 
lhis horizon may be identified by its position a few feet below the 
base of the San Angelo sandstone. The Permian strata have a 
regional westward inclination of about 40 feet per mile. 

While tracing the horizon of the Merkel in northwestern Knox 
County in the summer of 1930, the writer discovered two associated 
dolomite dikes, which are located 4 miles west of Truscott on the 
trail leading to the Humble pumping station in the west wall of a 
shallow canyon (Fig. 1). 

DESCRIPTION 

The thicker of the two dikes, marked X in the photograph, aver- 
ages 4 inches in thickness and is 4 feet from top to bottom. Dike Y 
is thinner and is less regular in thickness. Its downward extent is 
concealed by talus at the base of the cliff, but the base of dike X 
is distinctly rounded. The lengths of the dikes are not known. If 
the lengths of the dikes were reconstructed into the canyon, they 
would converge a few feet in front of the cliff. 

' A. M. Lloyd and W. C. Thompson, “Correlation of Permian Outcrops on Eastern 
Side of the West Texas Basin,” Bull. Amer. Assoc. Petrol. Geol., Vol. XIII (1929), p. 949. 
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Both dikes extend downward from a 6-inch stratum of white dolo- 
mite which is composed of material like that in the dikes. This bed 
is 12 feet below a 17-foot thickness of white, cross-bedded sandstone, 
presumably the San Angelo, and accordingly the dolomite is thought 








Fic. 1.—Dolomite dikes near Truscott, Texas. View looking directly at the cropping 
out end of dike X and at an angle to dike Y. (Z is a stratum of white dolomite com 
posed of the same material as that of the dike rock.) Dike X is 4 inches thick and is 
4 feet from top to bottom. 


to occupy almost precisely the stratigraphic position of the Merkel. 
The rock below the dolomite bed, to the base of the cliff, is red shale. 

Certain details suggest slight deformation. Both dikes are crossed 
by quasi-horizontal joints in the dike rock. A flexure toward the 
right occurs at about one-third of the distance down from the top of 
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dike X. The wall rock of this portion of the dike is composed of 
thinly laminated red shale. A constriction and an apparent flexure 
to the right are found at about the same distance down from the 
top of dike Y, and at a point where the wall rock is composed of the 
same thinly laminated shale. The coincidence that the flexure of 
Y and the constriction and flexure of Y are at places where the 
wall rock is the same, suggests that the flexures, both toward the 
same direction, and the constriction were caused by slight lateral 
novement. The flexures and the constriction may have been pro- 
duced during settling and compaction, and the joints in the dike 
rock also may have been produced by the same slight movement. 


ORIGIN OF DIKES 


Three details of dominant interest are the abundant ripple marks 
which indicate that the Merkel dolomite strata are deposits of grains, 
the fact that the dikes extend downward from a stratum of dolomite, 
and the slight and very uniform inclination of the Permian strata 
vhich indicates that only slight diastrophism can ever have affected 
these beds. Thus, the most apparent hypothesis for the origin of 
the dikes is that they represent cracks into which some of the same 
dolomite-grain material was swept while the bed was being de- 
pe sited. 

The fact that the overlying dolomite stratum is uniform in thick- 
ness in the locality of the dikes indicates that material from the 
stratum has not been squeezed into fissures, because if pressure had 
opened cracks in the rock and had caused the injection of semifluid 
dolomite material into them, one would expect to find nearby and 
decided thickenings and thinnings of the stratum. 

The origin of the cracks into which the material of the dike rock 
must have been swept, presumably by currents, may be more diffi- 
cult of conception. Dike X is wider, deeper, and more uniform in 
width than any desiccation crack observed or found reported by the 
writer. Further, one would expect the material of the walls of such a 
crack to slough off and rapidly fill the crack as soon as it was wetted 
by an encroachment of sea water. Such sloughing, however, is indi- 
cated by the decidedly rounded base of dike X, and the cracks may 
have resulted from drying. 
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CONCLUSIONS 
Many so-called clastic dikes appear to have had an origin 
analogous to that hypothecated for these dikes, but as the dolomite- 
grain material is probably not clastic, but may be of evaporitic 
origin, and as it is probable that dikes of evaporite material do exist, 


“ce 


sediment 





the writer suggests the use of the more inclusive term, 


dike,” the noun, “‘sediment,’’ being used as an adjective in place of 


‘ 


the adjective, ‘‘sedimentary,” in order to distinguish between such 
dikes and solution fissure-fillings. 

Although the writer has traced the Merkel dolomite and its hori 
zon for a distance of about too miles to the north of the Callahan 
divide in Taylor County, and has traced the correlative of the 
Merkel to the south of the divide in Runnels County, as well as a 
number of other dolomite beds in the Texas Permian, probably 
aggregating another 100 miles of outcrops of dolomite beds, the dikes 
described in this paper are the only ones observed by him. 

Dolomite dikes are apparently rare, because their formation de- 
pends upon the triple coincidence of (1) the formation of cracks, 
and (2) the encroachment of the sea upon land containing cracks, 
while (3) dolomite grains are being swept along the sea floor. 

2 Olaf P. Jenkins, “Sandstone Dikes as Conduits for Oil Migration through Shales,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. XIV (1930), p. 421. 








AN OCCURRENCE OF QUARTZ-OLIVINE GABBRO 


B. C. FREEMAN 
Newton Highlands, Massachusetts 





ABSTRACT 
\ gabbro, containing both olivine and quartz, is described from the Sudbury Dis- 
ct, Ontario. 

The writer collected specimens of the rocks in the vicinity of the 
f'rood mine, Sudbury District, Ontario, in August, 1932. One of the 
specimens, taken from the small mass of gabbro (2,000 by 1,000 ft.) 
north of the main shaft, showed on examination in thin section the 

rare association of olivine and primary quartz. 

The gabbro is a holocrystalline, medium-grained (1-2 mm.), 
equigranular, dark-gray rock with black crystals of pyroxene and 

, greasy-appearing feldspar. The texture is hypidiomorphic. The 
mineral composition is: augite, with uralitic hornblende, 80 per cent; 
labradorite, 15 per cent; olivine, 2 per cent; and accessory quartz, 
orthoclase, graphic intergrowth of quartz and orthoclase, magnetite, 
and biotite. 

The olivine is in irregular, rounded masses, broken by strong frac- 
tures which are filled with the characteristic alteration products 

' fibrous serpentine and magnetite. Olivine individuals are surround- 
ed in most places by augite and uralite. 

Augite is in stout, transversely cracked prisms with somewhat ir- 
regular, rounded outlines in places. It is in almost colorless, non- 
pleochroic crystals, many of which have abundant scalelike inclu- 
sions of brown uralitic hornblende which also occurs in quite large 
masses with very irregular contacts against augite. The writer be- 
lieves the hornblende to be secondary, although it may be primary 
and in parallel intergrowth with augite. 

The plagioclase is slightly zoned, with centers of labradorite and 
a narrow outer zone of andesine. Polysynthetic twinning is well de- 
veloped in some crystals, but very poorly developed or lacking in 
others. The plagioclase is fresh appearing with no alteration prod- 
uts. It very rarely shows its own crystal faces against augite. 
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Quartz occurs in small irregular primary masses, filling the inter- 
stices between the other minerals. There are two areas of micro- 
graphic intergrowths of quartz and orthoclase. One area is sur- 
rounded by augite and uralite and is molded on these earlier-formed 
minerals. The other lies partly against uralite and augite and partly 
against plagioclase, which shows its own crystal outline against the 
intergrowth. Orthoclase in very small amount also occurs as inter- 





Fic. 1.—a—Primary quartz (Q) and olivine (Ol) with augite, uralite, and labrador- 
ite. Ordinary light. 35. b—Micrographic intergrowth of quartz (white) and ortho 
clase (gray). Crossed nicols. X 30. 


stitial material in a few places. A few flakes of brown biotite asso- 
ciated with uralite and rounded magnetite grains are seen. 

The sequence of crystallization was normal. Olivine and magne- 
tite crystallized first, followed in order by augite, plagioclase, ortho- 
clase, and quartz. The course of crystallization was abnormal in that 
the process must have been hastened in such a way that the early 
formed olivine did not have time to react with the liquid phase and 
be made over into materials later in the reaction series. 
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Iddings' has described a gabbro containing both olivine and 
quartz from Hurricane Mesa in Crandall Basin just east of Yellow- 
stone National Park. This gabbro is a holocrystalline rock, some- 
what porphyritic in habit, composed of labradorite, augite, hyper- 
sthene, olivine, biotite, magnetite, orthoclase, and quartz, named in 
the order of decreasing abundance. 


t Arnold Hague et al., ‘Geology of the Yellowstone National Park,’’ U.S. Geol. Surv. 
ono. XXXII, Part 2, p. 249. 
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GARDINER ON “CORAL REEFS AND ATOLLS 

A DISCUSSION 

W. M. DAVIS 
Pasadena, California 
ABSTRACT 
Coral reefs, being the product of lime-secreting organisms, have been studied by a 

number of British biologists, who have attempted to solve the geological problem of reef 
origins without using geological methods of investigation. Various erroneous conclu- 
sions have therefore been announced. The latest of these is by Gardiner of Cambridge 
University. The geological inadequacy of his discussion is shown: first, by his failure 
to generalize his facts properly; second, by his adoption of an unwarranted assumption 
at the beginning of his argument; third, by his precipitate rejection of a theory against 
which he has a strong prejudice; fourth, by his failure to deduce the essential conse- 
quences of the theories that he examines; and fifth, by the lack of an impartial confron- 
tation of such consequences with appropriate facts as a means of making choice between 
successful and unsuccessful theories. 


THE ORIGIN OF CORAL REEFS IS A GEOLOGICAL PROBLEM 

Coral reefs are the product of lime-secreting organisms, mostly 
polyps and algae, and it is probably for this reason that their origin 
has been more studied by biologists and voyagers of biological train- 
ing than by geologists, and especially by British biologists, because 
they have voyaged so much. But though the study of living reef- 
builders is evidently a biological problem, the discovery of the con- 
ditions and processes of the past under which the massive reef struc- 
tures have been formed is as evidently a geological problem. It is, 
however, only part of a greater problem, the rest of which concerns 
the past conditions and processes which have provided the founda- 
tions on which reefs rest—whether those foundations are a conti- 
nental margin, as in northeastern Australia; continental islands, as 
in the Malayan archipelago; or pelagic volcanic islands, as in the 
Pacific Ocean. The total problem is, therefore, of complicated na- 
ture. It involves, indeed, not only the manifold changes that a coast 
has suffered by variations of level and by erosion and deposition be 
fore a reef is established upon it, but also a reasonable cause for the 
establishment of a reef there when its time came, as well as a con- 
sideration of the effects of later coastal changes upon the reef; and 
all these complications are clearly of a geological nature. Hence the 
coral-reef problem cannot be successfully solved without the use of 
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methods appropriate to geological investigation. The problem is, of 
course, like any other problem in any science, open to study by any- 
one who wishes to study it; but prudence would suggest that if it be 
taken up by, for example, a philologist or a mathematician, he would 
do well to prepare himself by making close acquaintance with geo- 
logical methods before embarking upon it. 

One reason for the need of such preparation is that geology is so 
largely an inferential, not to say a speculative, science. This is be- 
cause it is mostly concerned with the past history of the earth and 
that history is forever closed to observation. The nature of the in- 
visible past can be learned only by making back-reaching inferences 
from the observable present. Success in making such inferences de- 
pends largely on the effective use of various mental processes which 
are quite unlike observation. A geologist should, therefore, be ex- 
perienced not only in the use of these various processes, but also well 
taught in the application of certain safeguards which may lessen the 
errors to which the mental processes are liable. No better guides to 
the training that is needed are to be found than the famous essays by 
Gilbert on the “Inculcation of Scientific Method by Example,’ and 
by Chamberlin on the “Method of Multiple Working Hypotheses.” 
he chief mental processes there taught, beyond the direct observa- 
tion of visible facts and the search for additional facts by reading, 
are: inductive generalization, invention or borrowing of explanatory 
hypotheses, deduction of all the consequences from each hypothesis, 
impartial confrontation of the deduced consequences, set by set, 
with the appropriate facts of observation, and the unprejudiced 
choice of the successful hypothesis, if any is found. And to this may 
be added, if no successful hypothesis is found, the cautious suspen- 
sion of judgment until better success is reached. 

Let it be noted that, in contrast to the method of multiple working 
hypotheses, stands the “Method of Zadig,” popularized by Huxley 
fifty years ago and regarded by him as competent to solve geological 
as well as other scientific problems. The peculiarity of this method is 
that it reasons immediately from the observation of a single series of 

«G. K. Gilbert, Amer. Jour. Sci., Vol. XX XI (1886), pp. 284-99. 


T. C. Chamberlin, Jour. Geol., Vol. V (1897), pp. 837-48; reprinted, ibid., Vol. 
XXXIX (1931), pp. 155-65. 
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simple facts to a final and inevitable conclusion. It is safe to say 
that no important geological problem was ever solved in so direct a 
manner. The origin of ancient lava beds, of boulder clay, of coral 
reefs, and a host of other geological problems has been solved, if 
solved at all, only after long disagreements, because different ob- 
servers of the same or of similar facts have proposed different theo- 
retical explanations for them. It is as a means of giving competent 
consideration to all such different explanations that the method of 
multiple working hypotheses gains its exceptionally high value. 





BRITISH BIOLOGISTS AND CORAL REEFS 

It would be profitable to inquire, without special regard to any 
particular theory of coral-reef origins, how far the method of multi- 
ple working hypotheses, or its equivalent under some other name, 
has been followed by the various British biologists or investigators 
of mainly biological training who have concerned themselves with 
the geological problem of the origin of coral reefs. They are, with 
the exception of two to be mentioned later, in order of date of their 
principal publication on the subject: Wallace, 1868; Murray, 1880; 
Forbes, 1885; Guppy, 1886; Bourne, 1888; Hickson, 1889; Cross- 
land, 1907; Fryer, 1910; and Wood-Jones, 1910. After a careful ex- 
amination of their writings, I feel justified in saying that none of 
them indicate an adequate acquaintance with or an effective use of 
the method recommended above. Their writings are particularly in- 
attentive to the deduction of consequences from competing theories; 
indeed, their essays do not give clear evidence that they ever worked 
out such consequences carefully, still less that they confronted the 
consequences impartially, set by set, with the facts. Hence they can- 
not have pronounced competent and unprejudiced judgments as to 
the success of the consequences of their theories in meeting the facts. 
This is not to say that one theory or another which they have 
adopted is incorrect, but only that they cannot have had safe ground 
for announcing it as correct. 

For example, Murray, who explained barrier reefs as outgrowing 
fringing reefs around still-standing islands—the reef-enclosed lagoon 

’ Wharton is not included here because he was a hydrographer; Darwin is not includ- 
ed because, in his youth when he studied coral-reef origins, he was as much a geologist 
as a biologist. 
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being the result of solutional excavation in the dead limestone back 
of the growing reef face—never took into consideration the embayed 
shore lines of the central islands or the unconformable contacts of 
reef limestones on their foundations. Indeed, when once asked: 
“How about the shore-line embayments of the central volcanic 
islands?” he retorted: “What have they to do with it!” Similarly 
Guppy, who concluded that all sorts of reefs were formed in regions 
of elevation, took no account of the same fundamental principles. 
These assiduous naturalists were evidently untrained in geology; 
neither of them gave an adequate discussion of the essential conse- 
quences of either their own or of any other theories of reef origins; 
hence their conclusions are untrustworthy. Yet both of them found 
much favor on their return to England by their frank avowal that 
they had had to abandon Darwin’s theory when they met the facts 
in the oceans. Murray converted even Geikie, who shortly before 
1882) had written of Darwin’s theory: ‘““No more admirable ex- 
ample of scientific method was ever given to the world,”’ but who a 
year later recanted, saying: “In face of the evidence which has now 
been accumulated, I can no longer regard the accepted theory as 
generally acceptable.” 

Guppy was warmly praised by a reviewer in the Geological Maga- 

ine for 1888, who, after calling attention to the “nervous reluctance 
of many geologists to accept any explanation of the origin of coral 
reefs unconnected with or adverse to the subsidence theory,” added 
a glowing homily: 

No matter how great may be the authority of any one individual, living or 
dead, if a series of facts, such as those recorded in the work before us, are plainly 
repugnant to the theory of subsidence in connection with the growth of reef- 
coral, it is the manifold duty of geologists especially to examine such facts with- 
out prejudice, and to be ready to modify their views in accordance with the ever- 
advancing tide of scientific knowledge. 

[t was at this time, moreover, that the Duke of Argyll wrote a sensa- 
tional article, entitled ‘A Great Lesson,” in which he said: 

Darwin’s theory is a dream. It is not only unsound, but it is in many respects 
directly in reverse of truth. With all his conscientiousness, with all his caution, 
with all his powers of observation, Darwin in this matter fell into errors as pro- 
found as the abysses of the Pacific. All the acclamations with which it was re- 
ceived were as the shouts of an ignorant mob. 
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The moral of this is that reviewers are not always competent 
critics of the theories that they review. Readers should bear in mind 
that moral while considering the present pages, for the present re- 
viewer believes that adverse criticism like that which he has di- 
rected against Murray’s and Guppy’s theories should be directed 
against the essays of all the other observers named above. ‘Their bio- 
logical methods are altogether insufficient for the solution of their geo- 
logical problem. The chief causes of their inadequacy may, perhaps, be 
traced back to their lack of training in making sound inferences con- 
cerning the invisible past as compared with their expertness in mak- 
ing accurate observations of the visible present. 

TWO LATER BIOLOGICAL STUDENTS OF CORAL REEFS * 

In addition to the nine British biologists named above, two others, 
whose latest publications on coral reefs are of later date, must be 
mentioned. One is C. W. Yonge, leader of the recent expedition to 
the Great Barrier Reef of Australia, whose book, A Year on the Great 
Barrier Reef, gives an admirable account of his work there; but as his 
discussion of the origin of reefs is brief it will not be further con- 
sidered here. The other is J. Stanley Gardiner, professor of zodlogy 
and comparative anatomy at Cambridge University, who has had 
broad experience in the biological exploration of the Pacific and In- 
dian oceans, for which he was recently awarded by the National 
Academy of Sciences the Agassiz Medal founded by Sir John Mur- 
ray. It was, I believe, on the occasion of his coming to the United 
States to receive the medal that he was invited to deliver in Boston a 
course of Lowell Lectures, which have since appeared in book form 
with the title Coral Reefs and Atolls, the latest of his many publica- 
tions on that subject. Its closing chapter, which discusses reef ori- 
gins, may be here reviewed in some detail. 

THE FOUNDATIONS OF ATOLLS 

Three lecture-chapters which are devoted to reef-building organ- 
isms illustrate the lecturer’s mastery of marine biology. Several 
other lectures on what may be called ‘“‘reef geography”’ treat of the 
different kinds of reefs, the formation of reef islands, the distribution 
of reefs, and in more detail the features of existing atolls and their 
lagoons. Here a large amount of factual description is presented. 
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But the closing lecture of the course, entitled ‘““The Foundations of 
Atolls,” in which the eminent biologist takes up the geological prob- 
lem of reef origins, is extremely disappointing because of its lack of 
competent treatment of the involved geological conditions and proc- 
esses there encountered. It shows so little acquaintance with the 
method of multiple working hypotheses that one may imagine the 
lecturer would regard Chamberlin’s account of the method as an un- 
necessarily abstract disquisition, its deductions being delusions and 
its confrontations snares. 

It must be because of Gardiner’s ignorance of, or indifference to, 
hat method that his treatment of the deductive and confrontative 
phases of the coral-reef problem is so defective. Not that all the de- 
duced consequences of all coral-reef theories and their confrontation, 
set by set, with all the pertinent facts of two oceans could be pre- 
ented in one lecture; that is not to be expected. But it is to be ex- 
pected that the treatment of those matters in a single lecture should 
show that the many deductions which follow from the various theo- 
ries had been carefully thought out by the lecturer beforehand, so 
that, being in easy command of all of them, the most impressive 
might be concisely mentioned. Unfortunately, the lecture does not 
seem to be based on that sort of preparation. It is a very inconclu- 
sive, would-be geological discussion which, being appended to bio- 
logical chapters of much higher grade, lowers the tone of the book to 
which it is given admission. It may be here reviewed under several 
heads: selection of facts to be accounted for; exposition of alterna- 
tive theories; reluctance to consider subsidence; deduction of the 
most significant consequences of the several theories; their confron- 
tation with facts corresponding; and, finally, the conclusions 
reached. 

SELECTION OF FACTS TO BE ACCOUNTED FOR 

Gardiner’s selection of facts to be accounted for is unsatisfactory 
on two grounds. First, because it gives a leading place to a matter of 
inference, not of observation; namely, the assumed occurrence of 
“the necessary plateaus .... at about 50 fathoms for the settlement 
of coral builders.”’ (I have italicized the significant word.) Indeed, 
the first lines of the chapter beg the whole question of reef origins by 
confidently asserting that “coral atolls, as we know them, can origi- 
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nally only have been relatively thin veneers on submarine plateaus.” 
Similar examples of question-begging are found in the preceding 
chapter, where one may read, in connection with the possible action 
of solution in lagoons: “Our biological knowledge of those problems 
is slight, but it is sufficient for us to assert with confidence that, 
given a stationary bank at less than 50 fathoms . . . . it will be clothed 
[rimmed] with a reef which may grow up as an atoll.”’ And again on 
an earlier page: ““The conclusion is now reached, assuming the ex- 
istence of basal plateaus at suitable depths .. . . that the building and 
shaping of atolls can be explained.” (The italics are again mine.)* 
No observational warrant whatever is given for these assumptions. 

The selection of facts to be accounted for is, in the second place, 
unsatisfactory in giving no sufficient emphasis to the possible ar- 
rangement of reefs in a highly significant sequence, beginning with 
narrow fringes closely attached to the land, continuing with wider 
fringes separated from the land by a narrow and shallow channel 
then adding close-set barriers with narrow lagoons and off-set bar- 
riers with wider lagoons, going on until almost-atolls are reached, 
and closing with true atolls. When naturalists collect animals or 
plants they find specimens of the same species at different stages of 
growth, representing youth, maturity, and age. Similarly, when ge- 
ologists observe examples of like structures they soon discover that 
they show early, middle, and late stages of inorganic yet organized 
development. The foregoing outlined sequence of coral reefs is one 
of the most striking examples of an apparently developmental series, 
and it should therefore be kept prominently before an audience while 
an examination of reef origins is in progress. Yet Gardiner’s hearers 
were told little of it; it was hardly mentioned in his closing chapter. 
Indeed, the title of that chapter as well as much of its content sug- 
gests that the explanation of atolls may be properly considered apart 
from that of other kinds of reefs. 

4 Apparent support for these unwarranted assumptions may have been thought to 
be found in Gardiner’s unsound generalization that no reef now elevated has had a 
greater upgrowth than “‘the ascertained [depth] limits of reef builders.’’ As a matter of 
fact, few uplifted reefs have been carefully examined to determine just how great a 
measure of upgrowth they record; but Foye reported fifteen years before Gardiner’s 
lecture that an elevated atoll which he ascended in Fiji showed “coral heads in place 


.... from top to bottom of the 59° feet of limestone.’’ 
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OUTLINE OF ALTERNATIVE THEORIES 

An investigator should be scrupulously careful to give a fair out- 
line of theories which he discusses, and particularly of any theory 
which he rejects. This principle is violated in Gardiner’s treatment 
of Darwin’s theory. The impression is given that it postulated a 
‘widespread sinking of 2000 fathoms or more in the floor of the whole 
tropical Pacific.” The theory was based on no such postulate. Ex- 
tensive sinking of the Pacific floor was not a postulate of the theory 
but an inferred consequence; but even that consequence is not so 
broadly asserted by Darwin as it is in the foregoing quotation, for 
Darwin’s text and chart both clearly recognize what he took to be 
rising areas in parts of the tropical Pacific, as indicated by fringing 
reefs and active volcanoes. 

\ more seriously unfair statement made by Gardiner concerning 
the famous old subsidence and upgrowth theory, the abandonment 
of which became somewhat fashionable after the announcement of 
Murray’s theory in 1880, follows an extract from Darwin’s book. 
(he extract reads to the effect that the rate of subsidence has never, 


where an upgrowing reef survives, “‘exceeded that at which lagoon 
and reef channels are filled up by the growth of the delicate corals 
which live there and by the accumulation of sediment.’ The con- 
text makes it clear that the space to be filled up, here considered, was 
the “‘moat” between the stope of the subsiding island and the up- 
growing reef; also, that the filling up need not reach sea level, but 
only moderate depth commonly found in lagoons. Then comes Gardi- 
ner’s statement which, though saying nothing of various arguments 
in favor of Darwin—such as the sequence of reef forms, stated above 

asserts: ‘It is superfluous to detail all the arguments opposed to 
the original Darwin theory, beautiful and attractive as it is, since 
one fact kills it, viz., that there is no such general filling in of lagoons 
by coral growth and by sediment as suggested.” This is an altogether 
unwarranted assertion.‘ 

Can it be that Gardiner’s meaning here is that Darwin was fatally wrong in think- 
ing that any deep spaces ever existed to be filled, because lagoons enclosed by reefs which 
grow up from the rims of imagined “‘plateaus’’ would have ready made floors that would 
not need to be filled? Minute verbal criticism of a printed lecture may be easily carried 
too far; but there are certain sentences in Gardiner’s last chapter which are, to say the 
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A prejudiced misunderstanding of Darwin’s theory is further il- 
lustrated in the citation, with apparent approval, of a statement 
made by C. W. Andrews of the British Museum, who, after exploring 
the high-standing Christmas Island in the Indian Ocean, stated with 
regard to the atoll which crowns it: ‘‘We do not find the great thick- 
ness of reef limestones required by the Darwinian theory of atoll 
formation.” This shows, on the part of both Andrews and Gardiner, 
a regrettable misconception of Darwin’s theory, for it includes no 
such requirement whatever. Manifestly, if a low island has a fring- 
ing reef around its shore, a small subsidence will suffice to submerge 
its summit; and on such a foundation the upgrowing fringe will, after 
a brief existence as a barrier, become an atoll below which no great 
thickness of limestone has been accumulated. 


RELUCTANCE TO CONSIDER SUBSIDENCE 

Another indication of the prejudiced treatment of Darwin’s the 
ory runs all through the chapter on atoll foundations—namely, a 
reluctance to consider open-mindedly the occurrence of ocean-floor 
subsidence: a reluctance which, in our present state of ignorance is 
manifestly ill advised. In the first place, a slow sinking of the earth’s 
crust in continental areas at various geological dates is so well sup 
ported an inference that it is commonly taken as a “fact” of past 
occurrence. The exclusion of subsidence from the ocean floor, re 
garding the behavior of which so little is known, is therefore un 
justified. If it be urged that the subsidence of continental areas is 
caused, as some geologists believe, by the weight of sediments de 
posited upon them, it may be replied that ocean floors may similarly 
subside, as Molengraaff has suggested, wherever heavy volcanic 
least, unhappily worded in that they betray an unscientific habit of mind. For exampk 
“If we regard the question of the formation of the foundations of coral reefs honestly 
we are forced to admit that all our theories and considerations are mere camouflage for 
our lack of knowledge.’’ If the ‘“‘we’’ in this surprising confession were used editorially 
to refer to the lecturer alone, he is of course at liberty to accuse himself of intentionally 
employing deceptive phrases to mislead his audience; but if it were used in a more gen 
eral sense to include his confréres as well as himself, it might properly enough arous« 
indignation among them. Personally, I should seriously object to its being applied to 
my successor at Harvard, Professor R. A. Daly; for while not everyone can accept hi 
Glacial-control theory of coral reefs, everyone must be impressed with his sincere and 


convinced earnestness in its advocacy: there is surely no ‘‘camouflage’’ in Ais writings 
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cones are built up on them. Yet Gardiner gives that eminently pos- 
sible movement the scantiest attention. 

True, he believes in the origin of a good part of the Indian Ocean 
by the foundering of part of an ancient continent, which he refers to 
as the “cataclysmic happenings of the Cretaceous,” although there 
is no sufficient reason for thinking it was cataclysmic or that it did 
not continue intermittently through Tertiary into Quaternary time. 
(rue also that he says: ‘The whole trend of recent knowledge indi- 
cates that the deep sea [floor] is far from [being] the still, placid area 
our fathers imagined.’’ Yet the reluctance continues; and as if to 
re-enforce it, the subsidence required by Darwin’s theory is grossly 
overestimated at 15,000 feet.° 

A specific instance of the prejudiced reluctance to consider subsi- 
dence open-mindedly is seen in the account of the granitic island of 
\lahe, the largest of the Seychelles group in the Indian Ocean, which 

said to have “no embayments such as suggest any action other 
than that in progress today.”” Yet Gardiner’s fine half-tone view of 
part of its coast shows two good-sized and widely opened bays en- 
tering between three strong salients, two of which taper away to low 
points as seen from the third. Is there any physiographic geologist 
who would explain such features in a granitic island, apparently a 
survival of a foundered continent, without calling upon subsidence 
ifter well advanced valley erosion? 

DEDUCTION AND CONFRONTATION 

The complicated geological problem of the origin of coral reefs 
cannot be successfully investigated without the careful deduction of 
all the consequences from all the various coral-reef theories and their 
impartial confrontation, set by set, with the appropriate facts of 
observation. The seriously inadequate use of these indispensable 
mental processes by the nine British biologists listed above is only 
too clear. It remains now to show that a similar inadequacy charac- 
terizes Gardiner’s work also. A manifest instance of it is seen in his 

° If a volcanic island, 15,000 feet in height, slowly sinks until it disappears, while a 
fringing reef on its original shoreline grows up until it becomes a great atoll, the sinking 
need not be more than about 7,000 feet; for while the island is sinking and the reef is 


‘rowing up by that measure, the upper half of its original height may be removed by 


( rosion. 
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treatment of Wharton’s theory of the abrasional preparation of atoll 
foundations. No mention is there made of the cliffs which the sur- 
viving islets of almost-atolls ought, under that theory, to show, but 
which they do not show; nor of the evenly truncated rock floors 
which ought to be found under uplifted atolls, but no sign of which 
has ever been found there. Yet by means of the simple deductions 
and confrontations which these thirty-odd words embody, a clear 
idea of the theory’s small value is gained. Another serious difficulty 
which the theory involves is the long postponement of reef establish 
ment on the margin of a completely truncated island, while its cen 
tral part, 5 or more miles back from its original margin, is slowly 
worn down to a depth of 30 or 40 fathoms. If reefs are ever to bi 
established on the margin, why should their beginning be so long 
delayed? Yet, in spite of its deficiencies as thus briefly shown, this 
theory is mentioned by Gardiner without disapproval. It is difficult 
to imagine how any geologist could help condemning it, for open 
ocean abrasion of a still-standing island to such a depth must require 
an enormously long period; and if the island sank while suffering 
abrasion, its margin would be too deep for reef establishment. 
THE NATURE OF REEF FOUNDATIONS 

Another and more glaring instance of Gardiner’s insufficient use of 
deduction and confrontation is seen in the imperfect application of 
the principle that “the best available evidence of the nature of atoll 
foundations is found beneath elevated coral limestone islands’’—a 
principle so reasonable that it is generally accepted. But in direct 
sequence to its statement, instead of first deductively specifying the 
nature of the foundations that atolls should have according to dif 
ferent theories of their origin and then confronting these specifica 
tions with accounts of actual foundations, it is merely noted that 
‘these [limestone islands] have their rock recrystallized, so that little 
of its organic structure is visible.’ And the next sentence tells that 
many elevated reefs are the breeding places for sea birds. Not a 
word is said about the foundations beneath the limestones! 

It is, perhaps, natural that, in a chapter entitled ‘“The Founda 
tions of Atolls,” atoll foundations only should be inquired into. But 
when the close similarity of almost-atolls to true atolls and of barrier 
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reefs to almost-atoll reefs is recognized—and who can deny it?—the 
inquiry as to the nature of atoll foundations should advisedly be 
broadened to include the foundations of all kinds of reefs; and with 
all the more reason if one of the theories under discussion derives 
atolls from barrier reefs. It is, indeed, difficult to imagine even bio- 
logical reasons for not thus extending the inquiry; and there are 
certainly no geological reasons for not doing so. To be sure, it would 
be impossible, as already explained, to include all the deductions 
and confrontations of such an inquiry in a single lecture; but the 
omission of all of them should also be impossible in a properly de- 
veloped geological discussion, because however irrelevant and rec- 
ondite these matters may seem to biologists they are essential and 
familiar to geologists. 

lhe nature of reef contacts with their foundations, if the reefs are 
formed either by upgrowth from a subsiding foundation as Darwin 
thought, or by outgrowth from a still-standing foundation as Murray 
thought, is easily inferred. For simplicity and brevity only volcanic 
island foundations will be considered. The undermass of an out- 
growing reef on a still-standing foundation of that kind must consist 
wholly of its exterior talus, which must lie on the non-eroded sub- 
marine flanks of its island, or upon island detritus previously de- 
posited there. The undermass of an upgrowing reef on a slowly sub- 
siding island must consist in part of lagoon limestones which must 
lie unconformably upon the previously emerged and subaerially 
eroded slope of the island, and in part of exterior talus which must 
lie on the non-eroded, submarine flanks of the island, or upon detri- 
tus deposited there. But in case a first-formed reef of this kind is 
drowned by rapid subsidence, even the exterior talus of a later- 
formed reef may rest unconformably on the subaerially eroded slope, 
as well as upon the earlier reef. Let it be added that, if a reef founda- 
tion consists of crystalline rocks of deep-seated origin, such as gran- 
ites and schists, its contact with reef limestones must be considered 
unconformable for manifest geological reasons. The nature of reef 
foundations for Wharton’s abrasional theory has been intimated 
above; for Daly’s glacial-control theory, the foundations are essential- 
ly the same as for Wharton’s theory. These deductions being made, 
examples of actual reef foundations may be cited, in order to provide 
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facts with which the deduced consequences may be confronted, and 
also to show how easily the confrontation may be made after the 
deductions have been worked out and the facts have been gathered. 


EXAMPLES OF REEF FOUNDATIONS 


If space allowed fuller mention might be made of three elevated 
atolls—Roti in the Malay Archipelago, Christmas Island in the In- 
dian Ocean, and Barbadoes in the Lesser Antilles—which give some 
support to Murray’s theory of atoll formation, in that their coralline 
limestones rest upon pelagic limestones, but which fail to give that 
theory complete support because of the lack of evidence that the 
shoaling of the pelagic limestones was not accomplished in part by 
their uplift—a manifest possibility in view of the later upheaval of 
the total structure—instead of wholly by deposition as Murray pos- 
tulated. But a much greater number of raised reefs, some of them 
atolls and some of them barriers, besides many fringing reefs, rest 
unconformably on subaerially eroded rock floors, as they should, 
according to Darwin’s theory. The evidence given by raised barriers 
and atolls is so striking that it deserves emphatic presentation. 

The elevated atoll of Tuvutha in Eastern Fiji was ascended by 
Foye, a well-trained geologist, who found that its limestone rim, now 
800 feet above sea level, encloses a circular depression or ‘‘moat”’ a 
mile or more in diameter, within which a mass of volcanic rock rises 
in rolling hills, apparently the product of subaerial erosion, to a 
height of 590 feet. He therefore advisedly concluded that the con- 
tact between the two kinds of rock was unconformable. A smaller 
island, Thikombia-i-lau, not far away, was critically examined by 
the same observer, who found that its limestone cap rests unconform- 
ably on an uneven surface of volcanic rock. He therefore concluded 
that each of these foundation masses was ‘formed by the mature 
erosion of an isolated volcanic peak,” which ‘was then submerged, 
overlaid by coral limestone, and uplifted.” A more general statement 
by Foye is as follows: “As far as observed, the elevated reef lime- 
stones of Fiji rest unconformably on eroded volcanic islands and are 
believed to have formed atolls and barrier reefs.’’? My own observa- 

7W. G. Foye, ‘‘Geological Observations in Fiji,’ Proc. Amer. Acad. Arts and Sci., 
Vol. LIV (1918), pp. 1-145. 
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tions of an uplifted barrier reef or almost-atoll in Eastern Fiji led me, 
shortly before Foye’s visit, to the same conclusion that he later 
reached independently after more detailed study. Two reef-crowned 
islands in the Pelew group, east of the Philippines, have been ex- 
amined by Hobbs, who found in each case that the reef limestone 
rests on a subaerially eroded volcanic floor, and who therefore con- 
cluded that “the lava had been above sea level before the reef was 
formed by subsidence.’”* 

Marshall, of New Zealand, an experienced geological student of 
Pacific reefs, prepared not many years ago an admirable account of 
Mangaia, the southernmost member of the Cook group. He found 
its central part to consist of an elaborately dissected volcanic mass, 
500 feet in present altitude. Unconformably upon its submarine 
flanks rests the base of an encircling barrier reef, the emerged and more 
or less eroded upper part of which now has its flat at an altitude of 
about 200 feet. The shore of the emerged barrier is surrounded by a 
sea-level fringe, from 300 to 600 feet in width.’ There seems to be only 
one coral-reef theory which can account for these well-ascertained 
facts. It should be understood that Mangaia, like the other islands 
just mentioned, was uplifted by deep-seated, telluric forces which 
were utterly indifferent as to the kind of islands and reefs, if any, 
which they caused to emerge. The islands are, therefore, impartially 
selected examples of their reef-bearing class. 

Elevated reefs of various kinds are found in the East Indies, nearly 
all of which rest on islands composed of continental, not volcanic, 
rocks. Wallace long ago gave a brief description of the large island 
of Waigeo, next west of New Guinea. He found its southwestern 
part to consist ‘‘almost entirely of raised coral, whereas the northern 
part consists of hard crystalline rocks.’’ The same observer told of 
the island of Goram, southeast of the larger island of Ceram, which 
he found to exhibit a succession of narrow-lagoon, barrier-reef ter- 
races, all crowned by an atoll at a height of 1,017 feet. Although no 
foundation rock was here seen in place, the streams of the island 

’ The German biologist, Semper, had many years before spent a considerable time 
on the islands of this group, and although he mentioned the composite structure of the 
two islands described by Hobbs, he did not specify the nature of the contact, probably 
because he did not, as a biologist, understand its importance. 

» Patrick Marshall, ‘‘Geology of Mangaia,’’ Bishop Mus. Bull., No. 36 (1927). 
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wash down pebbles of “stratified crystalline rock,” probably schist. 
Whether these barrier reefs were formed during the subsidence or the 
later emergence of the island cannot be stated until their superposed 
or apposed relations are discovered. 

According to Rutten, the island of Ceram, one of the Moluccas, 
has hills of schist and slate in the western part, bordered by an even 
upland of coral limestone, 330 feet in height. Yamdena, the largest 
of the Timorlaut group, measuring 100 by 30 miles, consists of an 
upland of coral limestone which rests, according to Brouwer, on de- 
formed and eroded rocks. The great island of Timor has been de- 
scribed by several Dutch geologists as bearing reef terraces on the 
eroded older rocks of its flanks at various altitudes. Other reef lime- 
stones, themselves more or less eroded and resting unconformably 
on eroded foundations, occur near or at the crest of the island at 
altitudes of over 4,000 feet; they are probably the loftiest reefs 
known. So uneasy is the earth’s crust in this region that, long before 
its recent uplift, the rocks of the island had been deformed and great- 
ly eroded while standing well above sea level; the eroded island then 
sank until it nearly disappeared; then it rose bearing all the reefs 
that had been formed either during its sinking or its rising. When 
the now highest reefs were formed the axis of the island was, accord- 
ing to Brouwer, than whom no more competent geological observer 
can be quoted, covered by a shallow sea beset with reefs, some of 
them almost-atolls, others atolls. The same geologist states that the 
Kei Islands show schists under reef limestones; hence the reefs there 
must have been formed in association with subsidence after the ero- 
sion by which the island surfaces here, as in other similar cases, had 
been worn down into the deep-seated rocks. Misima, in the Louisi- 
ade group east of New Guinea, bears a series of elevated reefs well 
described by Maitland. The island, 22 by 7 miles and 3,400 feet in 
altitude, is composed of crystalline schists; the ‘‘elevated reef masses, 
when viewed from a distance, present the appearance of vertical 
walls and almost horizontal terraces.’’ Their limestones were seen to 
rest unconformably on the schists. 

THE POINT OF THE FOREGOING PARAGRAPHS 

The reader of these pages will miss the point of the foregoing para- 

graphs if he imagines that the islands they describe are mentioned in 
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INCONCLUSIVE CONCLUSIONS 


association with the formation of the reefs that rim the plateaus? 











order to give support to any particular theory of coral reefs. Their 
value in that respect has been sufficiently considered elsewhere. The 
reason for their mention here is to make it clear that the published 
descriptions of reef-bearing islands, accessible to any scientific lec- 
turer, afford fairly abundant evidence as to the nature of the founda- 
tions on which the limestones of elevated reefs rest; also, that legiti- 
mate inferences may be drawn from those descriptions as to the ori- 
gin of the reefs, provided that the inference-drawer has previously 
familiarized himself with the kind of contact between reef limestones 
and their foundations that should occur according to each theory of 
reef origins he is discussing. The inference-drawer should, therefore, 
when he looks over the foregoing examples, make particular note 
that not a single instance of “necessary plateaus”’ is reported. 

It matters not the least, as far as the essential steps of a well con- 
ducted geological investigation are concerned, which one of various 
unlike coral-reef theories is eventually approved. The whole point 
is that only by taking these essential steps, among which deduction 
and confrontation are of prime importance, can any theory be im- 
partially approved. As intimated already, it is not to be expected 
that all known examples of reef-and-foundation contacts should be 
cited in a single lecture; but it is to be expected that, if an abundance 
of such facts are known to the lecturer, his account of the foundations 
beneath elevated atolls should not be limited to the irrelevant state- 
ment that, for the most part, the limestone of the foundations is 
“recrystallized, so that little of its organic structure is visible.’’’° 


It is not surprising that, in view of his neglect of sound geological 
methods, the conclusions reached by Gardiner are inconclusive. He 
treats four theories of reef origins. First is Darwin’s which, in spite 
of the abundant vitality it still possesses in the way of accounting for 
the disappearance of great volumes of eroded detritus (a really im- 
portant matter regarding which Gardiner would probably repeat 

‘© Can it be that, here again, Gardiner takes these ‘‘recrystallized limestones’’ to 
constitute the imagined ‘‘plateaus’’ which he assumes to exist as atoll foundations? If 


so, why should not a continuation of the subsidence which is indisputably shown by the 
unconformable relation of the limestones to their foundations be at least considered in 
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Murray’s exclamation: ‘What has that to do with it!’’), for shore- 
line embayments and for unconformable foundation contacts, it is 
said to be “killed” because of its imagined error in explaining the 
filling of lagoons. And this without any statement as to the various 
kinds of evidence in its favor, and with an overready acceptance of 





evidence which seems to work against it. Two other theories, Mur 
ray’s and Wharton’s, are not definitely approved or disapproved; 
but such indecision is natural enough as long as their manifest con 
sequences are not deduced and confronted with the facts. Guppy’s 
theory of reef formation in regions of elevation is briefly referred t« 
but not discussed. 

The greatest favor is shown toward Daly’s Glacial-control theory, 
which is said to account “for the underlying Indo-Pacific reef plat 
forms [these being the ‘necessary’ but never observed plateaus above 
referred to] even to details.’’ Inasmuch as the platforms are wholly 
imaginary submarine features, it is not clear just what details of 
their form are here referred to as being accounted for by the postu 
lated low-level abrasion of Daly’s theory. The reefs of Fiji have been 
instanced by the inventor of that theory as having grown up from 
such platforms, and they would appear to be so conceived by Gar 
diner also; yet Foye reports that he ‘“‘was unable to discover in these 
islands any evidence of Pleistocene wave-cut platforms.”’ 

Gardiner nevertheless accepts low-level abrasion in a most whole- 
sale manner, for he regards the vast Seychelles bank, which measures 
about 200 by 80 miles across, as “being explained by the glacial con 
trol theory,’”’ but without any consideration of the kind of rocks that 
had to be cut away in producing it, without any discussion of the 
time necessary, and without any explanation of the absence of ex 
pectable plunging cliffs on islands elsewhere, bordered by narrow 
banks. Space for such considerations might have been provided by 
omitting certain irrelevant and recondite, not to say incomprehen- 
sible, statements concerning the basalts which are supposed to 
underlie the Pacific Ocean “‘without the surface crystallization out of 
granite characteristic of the rest of the world.”’ 

A full discussion has been given to Gardiner’s chapter on the 
“Foundations of Atolls,’ partly because it is the latest pronounce- 
ment by a British biologist on the vexed coral-reef problem, and 
partly because it so abundantly illustrates a lack of acquaintance 
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with geological methods of investigation by which such a problem 
can be best solved. It opens by accepting imagined features 
‘necessary plateaus’’—as if their existence were established. It pro- 
ceeds without clearly stating the essential consequences of several 
theories of reef origins. It finally favors a certain theory, not be- 
cause its peculiar consequences are confirmed when confronted with 


the corresponding facts, but because it explains, ‘‘even to details,”’ 


the features of supposedly necessary submarine plateaus. The net 


result of the discussion is, therefore, further to confuse the issue by 


adding still more inconclusive biological argumentation to similar 


earlier argumentation by which a strictly geological problem had 


already been too much encumbered. 


Yet, according to a review in Nature for 1931, by C. W. Y(onge), 


leader of the recent Great Barrier Reef Expedition, a review which 


is especially interesting as presenting one distinguished biologist’s 


opinion of another distinguished biologist’s treatment of a geological 


problem, Gardiner’s book is ‘“‘a concise, admirably illustrated survey 


of the subject and represents a definite advance in the elucidation 


of the coral reef problem. ... . There can be nothing but praise for 


Professor Gardiner’s handling of the problem of the origin and for- 


I 


and for good reasons.” 





ation of atolls..... The subsidence theory is here rejected ... - 
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Historical Geology. By RAYMOND C. Moore. New York: McGraw- 

Hill Co., 1933. Pp. 673; figs. 413. $4.00. 

Here is one of those rare textbooks which has much of the freshness 
of today’s newspaper without the stigma of inaccuracy which usuall) 
accompanies up-to-the-minute publications. In preparation for a num 
ber of years, the present work has had the advantage of long and carefu! 
planning, and, as a result, it not only contains many a worth-while inno 
vation but it is smoothly written. Furthermore, the book is authoritative 
without becoming obnoxiously dogmatic; and it is fairly all-inclusive with 
out being too encyclopedic for ordinary advanced classroom usage. The 
authoritative character of this publication is not only vouchsafed by the 
erudition and experience of the author, but by the forty-three experts who 
have read and criticized the manuscript during its preparation. Surely few 
textbooks, regardless of the field, have had such a meticulous pre-publica 
tion scrutiny. 

Professor Moore discusses organic evolution in a very few well-rounded 
chapters, which deal with the life-history of entire eras or suberas. Thus 
he has avoided the burdensome repetition which is necessary if this sub 
ject matter is included with the account of each geological period. In ad- 
dition, a worth-while geographic setting is provided for each of the de 
tailed descriptions of rock formations of the periods by introducing chap- 
ters dealing with their outcrop areas. The Introduction is also well cal- 
culated to catch the interest of even the least imaginative student. Nei- 
ther too little nor too much attention is given to the origin and develop- 
ment of the earth, but these subjects are treated succinctly and with prop- 
er critical examination of the most recent views. Major earth phenomena 
are then discussed, with some emphasis on the various theories which 
have been advanced to explain them. The entire account seems well 
composed for the average student, allotting appropriate space to the 
more important hypotheses, but at the same time holding none of them 
sacrosanct. The chapter on the “Historical Significance of Rock Charac 
ters” has been admirably prepared to illustrate the viewpoint and method 
of the earth historian. This is done by utilizing the remarkably wide 
range of geological data available in the Grand Canyon area. Of course 
many other writers and teachers have similarly utilized this district in the 
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past, but few, if any, have had Moore’s first-hand experience, both with the 
plateau and with the canyon itself, to rely upon in preparing their account. 

rhe illustrations in the text are particularly noteworthy inasmuch as 
many have been prepared especially for this publication. Numerous 
block diagrams have been employed, usually with good results; and graph- 
ical representations of typical geological sections are extensively used. 
[he latter should be useful to student and teacher alike. Although these 
are necessarily somewhat generalized, the reviewer has found them to be 
unusually accurate for those areas with which he is personally familiar. The 
illustrations of groups of fossils are also worthy of especial mention, since 
the same scale is used for all specimens. Furthermore, the individual 
names are indicated on the plate, a practice which should be much more 
generally employed, for students and professional geologists alike have 
an aversion to the ordinary cumbersome legends. Moore has also fol- 
lowed the growing practice of preparing paleontologic plates with a black 
background. This is a procedure which is highly commendatory, as may 
be graphically illustrated by comparing the gray background of Figure 
204 with the black of Figure 205 on the opposite page. Unfortunately the 
reproduction of a few of the halftones is undoubtedly not all that the 
author desired, Figure 358, for instance, being essentially worthless. Con- 
trary to the practice of some textbook writers, credit is given for all 
drawings and figures which are not originals. 

The book is fittingly dedicated to the writer’s “inspiring teachers of 
earth history at the University of Chicago,’’ Chamberlin, Salisbury, 
Williston, and Weller. The dedication is made doubly interesting by ex- 
cellent pencil portraits by the author of each of these masters. In addi- 
tion, the text is further enlivened by similar original sketches of such out- 
standing authorities as Suess, Dana, Logan, Hall, Clarke, Lyell,and Agassiz. 

lhe book also contains such modern features as the newly coined Mis- 
sissippian series term ‘‘Valmeyer,” references to 1933 papers, and many 
illustrations from the sixteenth International Geological Congress guide- 
books. But in it, on the other hand, may be found the prophecy that 
‘‘Stegocephalians probably originated in Devonian time,”’ the text having 
appeared too late to report its confirmation in the discovery of their ac- 
tual occurrence in the Devonian of Greenland. Nor is mention made of 
Moore’s own thesis that the Permian should be abandoned as a period 
term. But the latter omission is, of course, understandable in a book de- 
signed for present-day student use. 

The critic who is hunting for something to condemn will have to look 
sharp for errors in this text. This reviewer’s attempt to turn up such an 
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item really worthy of mention was only rewarded by Figure 122, in which 
a restoration of Belemnites is unfortunately labeled as Loligo, the modern 
squid. ‘‘Vulcanism”’ is also consistently used instead of “volcanism,” but 
this too has become so commonplace that usage may soon make this 
spelling acceptable. In fact, most members of the chronically crotchety 
reviewing brotherhood will for once, at least, be secretly inclined to wish 
that they had had the opportunity and the ability to have written, rather 


than to have reviewed, this outstanding volume. 
CAREY CRONEIS 


Handbuch der Geophysik. Edited by B. GUTENBERG. “‘Einleitung: 
Allgemeines iiber Geophysik,”’ by B. GUTENBFRG; “Die Entwick 
lung des Sonnensystems und der Erde,” by F. N6LKE; “Stellung 
und Bewegung der Erde in Weltall,’” by M. MILanxovitcg; “Fi 
gur der Erde, Dichte und Druck im Erdinnern,”’ by F. Hoprner 
Band I, Lieferung 1, 1931. Pp. vii+ 308; figs. 41. ““Erdbebengeo 
graphie,’ by A. SreBERG. Band IV, Lieferung 3, 1932. Berlin: 
Gebriider Borntraeger. Pp. iv+687-1005; figs. 112; tables 107. 
These two new publications are parts of the comprehensive Handbuch 

which is to consist of ten volumes of which several have already appeared 

and others are in preparation. 

The brief introductory portion of the first number of Volume I is fol 
lowed by a section devoted to the development of the solar system, of 
the earth, and of the moon. Various hypotheses are given, but the space 
devoted to each does not seem to the reviewer to be in every case in cor 
rect proportion to the importance of the hypothesis discussed. The third 
part, devoted to the position and motions of the earth, and the final sec- 
tion, concerning the figure of the earth and densities and pressures within 
the earth, are both first approached from a historical viewpoint. Much 
of the treatment is necessarily mathematical. The discussion of the figure 
of the earth occupies a large portion of the entire book. 

Number 3 of Volume IV is devoted entirely to earthquakes and their 
geographical distribution. Each section deals with one of the continents 
or ocean basins and the sections are further divided to describe smaller 
geographical or structural regions. All of the important earthquakes with 
in historical times are tabulated. For each region small-scale maps show 
the isoseists, and in some cases the regional geology, of areas affected by 


the more important earthquakes. The numerous maps and tables make 
this number of value even to one with only a slight knowledge of the Ger- 
man language. 


EDWARD L. TULLIS 
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Dalradian Geology. By Dr. J. W. Grecory. London: Methuen & 

Co., Ltd., 1931. Pp. 188; pls. 4; map 1. 

This book treats of the passage from the highly altered crystalline 
rocks to those which have retained the structures inherent from their 
mode of deposition—a transition especially well shown by the Dalradian 
rocks of Scotland which are believed by the author to be the equivalent of 
the Grenville series of North America. 

Professor Gregory, in order to portray clearly his ideas concerning the 
stratigraphic position of these sediments which are metamorphosed to 
different degrees, has dealt briefly, but effectively, with certain formations 
in Scotland both above and below the Dalradian and with their equivalent 
formations of North America, Scandinavia, India, South Africa, Australia, 
and North America. He says that the Pampalozoic or pre-Paleozoic rocks 
consist in all parts of the world of three main divisions. His divisions are 
built on the evidence of three different major stages of metamorphism, the 
first two of which, occurring in Scotland, were, in his opinion, thermal, 
and the third dynamic. He says also that the classification has been con- 
fused by the American adoption of two divisions for these rocks. If the 
older, tripartite classification of the American pre-Cambrian be used, the 
Scottish units may be correlated with those of North America. 

By bringing to bear his own world-wide acquaintance with the pre- 
Cambrian upon a diversification of quoted opinion, Professor Gregory has 


yroduced an interesting book. . 
PI g RANDALL WRIGHT 


Shinyanga Diamond Fields. By E.O. TEALE. Geological Survey De- 
partment, Tanganyika Territory, Short Paper No. 9, 1931. Pp. 
20; maps 3- 

These reports are representative of a number of excellent publications 
being issued by the Geological Survey Department of Tanganyika Terri- 
tory of which Dr. E. O. Teale is director. The short papers “make avail- 
able, as soon as possible, information likely to be of value to all who are 
interested in the mineral development of the country.” The bulletins 
represent more detailed studies. 

The Shinyanga diamond fields lie in north central Tanganyika. Al- 
luvial diamonds were discovered there in 1926 following which there was a 
period of considerable activity. The rocks consist of a series of old schists 
of igneous and sedimentary origin, granite intrusions, aplites and pegma- 
tites, dolerite dikes, kimberlite pipes, and detrital deposits. Nineteen 
kimberlite pipes have been discovered. Most of them are diamondiferous. 
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One, the Sultan, has produced over 5,000 carats, but none have been 
profitable. Thus far the only commercial diamond occurrences have been 
found in the superficial deposits. These deposits are both pre-Rift and 


post-Rift in age and at least three cycles of erosion are involved in their 
deposition. The location of the diamond-bearing gravels depends on the 
loci of the streams of these three periods. The economic importance of 
structural and physiographic studies is thus apparent. 

A feature of interest is the occurrence of diamonds in yellow ground 
above one of the kimberlite pipes, but not residual from that pipe. The 
interpretation of the phenomenon is that the kimberlite weathered away 
faster than the surrounding rock and the depression thus formed con- 
stituted a trap for diamond-bearing gravel. 

Three maps accompany the report. Indications of the latitude and 
longitude, along the margins at least, would render it easier for those not 
acquainted with the region to visualize its location. 

CHRISTOPHER RILEY 


Katalog der Bibliothek, Deutsche Geologische Gesellschaft. By P 
Dienst. Stuttgart: Ferdinand Enke, 1930. Pp. 1161; size, 26> 
187.5 cm.; weight, 2760 g. (6 lbs. 1 oz.). RM 70. 

A mammoth compilation of the geological literature in the library of 
the Deutsche Geologische Gesellschaft. Titles are grouped under head- 
ings corresponding to those used in the Geologisches Zentralblatt (with some 
additions), a convenient arrangement with which most geologists are 
familiar. There are 247 of the smallest subheadings, under each of which 
the names of authors appear alphabetically. Titles are given in full; place 
of publication is greatly abbreviated, with reference to volume number 
and year, but not to page number. Nor is there any information about 
illustrations. It is essentially an orderly finding list to about 28,500 titles 
by about 8,500 authors (estimates). The preceding remarks apply to the 
Katalog proper, embracing the first 978 pages, the remaining 283 pages 
being an Index or alphabetical list of authors, with abbreviated refer- 
ences to the full titles given in the preceding section. 

The work obviously does not cover all the papers in the volumes of 
scientific organizations and periodicals which are listed as in the library. 
The arrangement is not so satisfactory, nor so easy to use, as that of a 
typical bibliography with detailed index, such as the Additions to the 
Library published by the Geological Society of London, and it lacks the 
completeness and detail of the bibliographies of North American geology 
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by John M. Nickles of the U.S. Geological Survey. Nevertheless, it is of 
great help in finding titles, and every large library should have it. To have 
a large part of the world’s geological literature even roughly indexed in a 


single volume is a great boon to students. 
CHESTER W. WASHBURNE 





The Evolution of Continents. By CHARLES B. WARRING. “‘Transac- 
tions of the Vassar Brothers Institute and Its Scientific Section.” 
Poughkeepsie, N.Y., Vol. IV, Part II, pp. 256-71; discussion pp. 
271-74 (Part II dated 1885-87). 
rhis paper was read on March 23, 1887—long before Wegener or Tay- 

lor directed their attention toward the genesis of continents. Yet Warring 

clearly expressed the idea of floating continents, and Figure 2 (p. 265) isa 


‘ 


condensed Mercator’s chart which “‘represents the great triangular mass 
soon after seismic forces began to rend it in pieces and before the eastern 
portion began to veer around northward.”’ 

At the very outset of the paper the author says that “if we could move 

South America over to Africa, its eastern angle would fit surprisingly 
into the gulf of Guinea, and the two coasts thence southward would al- 

most coincide.”’ Figure 1 illustrates other parallel cases in the region from 

Southern Asia to Australia and New Zealand. 

The concept of floating continents is expressed vividly, and he states 
that there was a westward drift of the continental mass, which broke up 
and drifted apart. This continental drift, he believed, took place before 
the formation of oceans and before the advent of life. 


Such a short review as this does not do justice to Dr. Warring’s views, 
but perhaps this notice of the paper will call it to the attention of inter- 
ested parties. 

HuBERT G. SCHENCK 


Contribuciones a la Primera Reunién Nacional de Geografia, Buenos 
Aires, May-June, 1931. (Direccién General de Yacimientos Pe- 
troliferos Fiscales. ) 

These include a series of seven pamphlets, as follows: 

t. ENRIQUE FossA-MANcINI. Breve resefa de las investigaciones geolégicas 

realizadas por los Gedlogos de la Direccién General de Y acimientos Petro- 

liferos Fiscales, entre Marzo de 1927 y Marzo de 1931. (Pp. 27; maps 4.) 
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Lupovico VON PLATEN. Breve historia de los levantamientos topogrdficos 
realizados por los Topégrafos de la Direccién General de Yacimientos Pe- 
troliferos Fiscales. (Pp. 11.) 

. Viapimtro J. Vinpa. Exploraciones en busca de petréleo en la region del 
Golfo de San Jorge. (Pp. 12.) 

4. Ecrp1o FERuGLIO. Nuevas observaciones geolégicas en la Patagonia Cen- 
tral. (Pp. 24.) 
Maria CAsANova. A puntes petrograficos sobre los terrenos atravesados 
por los pozos de Comodoro Rivadavia y sus alrededores. (Pp. 40.) 

. Jova CLARA YussEN. Primeros resultados de las observaciones minera- 
légicas de muestras de los terrenos atravesados por los sondeos fiscales de 
Plaza Huincul. (Pp. 7.) 

Ecip10 FERUGLIO. Observaciones geoldgicas en las provincias de Salta y 


Jujuy. (Pp. 39.) 
D. J. F. 


Geology and Ore Deposits of the Boulder Belt, Kalgoorlie. By F. L. 
STILLWELL. Western Australia Geological Survey, Bulletin 94, 
Perth, 1929. Pp. 110, figs. 8, pls. 15 (bound in atlas). 

This bulletin contains a complete discussion of the ore deposits and en- 
closing rocks of the Boulder Belt with a good summary of all of the previ- 
ous work done in this region. It is accompanied by an atlas of fifteen 
maps showing in general and in detail the regional geology which is en- 
countered in a series of levels in the mines. The maps and the discussion 
in the bulletin give a clear picture of the structure and shape of the ore 
bodies, and the petrography is given thorough treatment. 


J. T. McC. 


Earthquake Risks in Arkansas. By GEORGE C. BRANNER and J. M. 
HANSELL. Arkansas Geological Survey Information Circular 4. 
Little Rock: 1933. Pp. 13; pls. 4. 

In this paper an attempt has been made to compile and interpret avail- 
able data concerning the earthquakes which have affected the central] 
Mississippi Valley and Arkansas in particular. The study covers the 
period from 1811 to 1931 and brings together material of much value to 
those interested in the earthquake problems of this broad interior region. 
A relatively small area comprising southern Illinois, southeastern Mis- 
souri, northeastern Arkansas, northwestern Tennessee, and western Ken- 


tucky is of striking and strange seismological importance. 
x. F.C. 





